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APPENDIX A

PUMP TEST OF WELL REI-3-3 (August 11, 1986)
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Well REI 3-3 was first tested in November, 1985 with results provided in
tre RI Report Questions were raised about the method of interpretation
ard the number of monitoring wells required for interpretation An
additional observation well, REI-3-5, was completed during the 1986
field program and a new pump test was performed The initial plan was
to use the new well, REI-3-5, as the pumped well The well did not
produce enough to run a sustained pump test Consequently, REI-3-3 was
selected as the pumped well

The REI-3-3 well was pumped at a fairly steady rate of 3 0 gpm for 750
minutes A slightly higher pumping rate of 3 2 5o 3 4 gpm was recorded
about 50 minutes into the test Water levels in the pumped well and two
observation wells, REI-3-5 and an un-numbered piezometer, were monitored
manually using conventional well sounders Measurement accuracy is
about +/- 0 02 feet the water level response of the three wells during
the drawdown portion of the test is shown in Figures A-l, A-2, and A-3

The water level drop noted in all wells after about 50 minutes probably
reflects the adjustment of pumping rate noted above The flattening of
the water level response observed in all wells following this drop is
believed to be attributale both to the onset of delayed yield effects
(Boulton, 1963) and recharge effects from an adjacent pond about 70 feet
from the pumping well It is difficult to isolate the effects of these
two influences

The most reliable part of the test for analysis of hydrogeologic
characteristics is the early time data prior to the noted increase in
pumping rate and also before the onset of recharge or delayed yield
effects Analysis of the responses in the two observation wells were
performed using the type-curve match method described by Boulton (1963)
developed for non-steady state response to pumping in unconfined
aquifers Actually, for early time matches before the onset of delayed
yield effects the Boulton type scurves are identical to the Theis (1935)
type curve The analysis indicates a transmissivity for the uppermost
part of the upper alluvial zone of about 500 gpd/ft (0.72 cm /sec) For
a saturated thickness of about 19 feet, an average hydraulic
conductivity of about 1.2xlO"3 cm/sec is indicated for this unit. The
storage coefficient calculated for the unit is about 0.003 which is
reasonable for unconfined aquifer units (Freeze and Cherry, 1979).

A-l
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APPENDIX B

RESULTS OF THE SHALLOW ALLUVIAL AQUIFER

PUMP TESTING PROGRAM

MAY-AUGUST, 1988

FRENCH LIMITED SITE, CROSBY, TEXAS
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B-l PUMP TEST OBJECTIVES

This appendix provides the description and analyses of the upper alluvial
zone aquifer tests that were completed under the direction of Applied
Hydrology Associates Inc in 1988 These tests were conducted in two
stages preliminary short term tests conducted on site between May 24 and
May 26, 1988 and longer term (6-to 8-hour) testing program conducted on
site from August 5 through August 15, 1988 Prior to this effort, testing
of the upper alluvial zone included only slug tests and several pump tests
at the REI-3 well location The pump tests performed during 1988 and
described in this appendix provide the additional information needed ro
characterize the spatial variation in hydraulic conductivity within the
upaer alluvial zone These results help support the assessment of
groundwater impacts that may occur during bioremediation testing or final
remediation of the French Limited Lagoon. The pump testing results will
also facilitate the design of groundwater recovery systems that may be
installed to remediate groundwater contamination

The preliminary tests were conducted during the monthly sampling of
monitoring wells in the upper alluvial zone in the vicinity of the French
Limited site The purpose of these tests was to provide a preliminary
assessment of characteristics on a large number of wells from which to plan
longer, more definitive tests on a select number of wells

A work plan for the longer term testing was prepared and submitted on June
13, 1988 An update of this work plan dated August 3, 1988 was prepared
partly in response to questions and concerns raised by Kathleen O'Reiley of
the Region VI office of the U S EPA The update also includes details
that were not discussed in the work plan including the use of control
measurements on select wells and the recommended monitoring intervals A
number of modifications to the testing program were also made in the field
either in response to the sustainable pumping rates which were generall/
lower than anticipated or to address concerns raised by personnel of the
EPA and Jacobs Engineering concerning test locations A summary of the
tests proposed in the work plan and the subsequent modifications of the
testing program is provided in Table B-l.

B-2 UNCONFINED AQUIFER PUMP TEST ANALYSES

Analysis of unconfined aquifer pump test results is possible using a
variety of equations and type curves that have been developed to
approximate the response of an unconfined aquifer to radial flow to a
pumping well Earlier solutions were derived by invoking the Dupuit
assumptions (Bear, 1979). Jacob (1963) derived a solution for unconfined
flow that was equivalent to the Theis (1935) solution by invoking the
Dupuit assumptions and using the following adjusted drawdown:

s' - s-s2/2Ho

where s' — adjusted drawdown
s — measured drawdown and
Ho - initial saturated thickness

B-l



TABLE B-l

FRENCH LIMITED SHALLOW AQUIFER PUMPING TESTS

ORIGINAL WORK PLAN TESTS:

PUMPED WELL OBSERVATION WELLS

REI-10-3 ERT-1, ERT-1A, ERT-4, ERT-4A, REI-10-2,
REI-P10-2, REI-10-4.REI-P10-4

ERT-7 ERT-8, ERT-7A, ERT-8A

ERT-20 ERT-20 (Single-Well Test)

ERT-21 ERT-21 (Single-Well Test)

ERT-29 ERT-28, ERT-30

MODIFICATIONS TO ORIGINAL WORK PLAN

ERT-10-2 Short term step drawdown test

ERT-10-3 Short term step drawdown test

ERT-10-4 Short term step drawdown test

ERT-10 Long term pumping test (replaced ERT-10-3 Test)
Monitor wells ERT-9, ERT-9A, ERT-10A

ERT-22 Single well test

B-2
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The Dupuit assumptions require that vertical gradients are negligible
Antsotropy with respect to the vertical dimension and the increase in the
slope of the water table around a pumping well cause the actual drawdowns
to deviate from that determined based on the Dupuit assumptions

For many unconfined aquifer tests, the drawdown adjustment allows test
results to be interpreted by the three methods most commonly used for
calculating aquifer coefficients from time-drawdown data the Theis (1935)
curve matching method, the Theis (1935) recovery method, and the Cooper and
Jacob (1946) method The Theis method involves curve matching on a log-log
plot It is less restrictive but is not well suited to single well tests
where well efficiency and the assumed radial distance can significantly
influence the results The Cooper and Jacob method involves straight line
interpretations from a plot of adjusted drawdown on an arithmetic scale
against the time since pumping started on a log scale The Cooper and
Jacob method is based on an approximation of the Theis equation The
technique is appropriate for analyses of aquifer tests in which the
dimensionless parameter u - r S/4Tt is less than 0 01

where r is the radial distance between the pumping well
and the observation well (feet),

S is the storage coefficient (dimensionless)
T is transmissivity (feet /day), and
t is the time since pumping started (days)

The parameter u is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is long The Theis
recovery method is a semi-log analysis like the Cooper and Jacob method and
has the same restriction on the dimensionless parameter "u" In this
method the recovery data are plotted on an arithmetic scale and the time
since pumping started, t, divided by the time since pumping stopped, t',
are plotted on a logarithmic scale Transmissivity is determined by
measuring the slope of a straight line drawn through the data plot over one
log cycle Of the three methods, the Theis recovery technique is less
sensitive to fluctuations in pumping rate, a weighted mean pumping rate
will usually provide adequate results

Well bore storage can influence the interpretations from both the Theis and
Jacob methods Fapadopulos and Cooper (1967) developed an equation for
racial flow to a pumping well in a confined aquifer which takes into
account casing storage influences Drawdown values calculated from their
equation differ significantly from the Theis and Cooper and Jacob equations
during the early portion of the pumping tests when a relatively high
percentage of the discharge from a pumping well is derived from casing
storage. Schafer (1978) provides the following semi-empirical equation
for determining tc, the time in minutes into a test when casing storage
effects become negligible

tc - (0.6(dc
2-dp

2))/(Q/s)

where d - inside diameter of well casing in inches
d - outside diameter of pump column pipe in inches
Q/s- specific capacity of the well in gpm/ft of drawdown at

time, tc

B-3
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Since t must be known or assumed in order to determine the specific
capacity Q/s at time tc, an iterative procedure is needed to determine tc
from pumping test results Once the value of t is known, the portion of
the test that can be interpreted with the Theis (1935) and Cooper and Jacob
(1946) methods can be identified Schafer's (1978) analysis was
developed for confined aquifer conditions The well bore storage influence
may be somewhat less for unconfined conditions depending upon the degree of
an:.sotropy Thus, for the unconfined pump test analysis, Schafer's
equation provides a conservative indication of the range of data subject to
well bore storage influences in the pumped well

Although well bore storage effects are generally associated only with
pumping well results, Black and Kipp (1977) show how well bore storage can
also influence the interpretations from observation wells using the Theis
solution In this study, well bore storage influences were not considered
in the analysis of the observation well response because it would be
difficult to distinguish well bore storage influences form delayed yield
effects

Variable pumping rates invalidate the use of conventional pump test
analysis techniques such as the Cooper and Jacob and Theis methods Birsoy
and Summers (1980) have developed a technique for determining aquifer
parameters from variable and intermittent pumping data The technique
requires that the Theis conditions apply, other than constant discharge
In other words, the technique applies to radial flow to a well which
behaves like a confined isotropic, homogeneous aquifer The technique can
be applied to the adjusted drawdown from an unconfined aquifer response
using Jacob's (1963) adjustment described above provided the drawdown is
small relative to the aquifer thickness The Birsoy and Summers technique
does not account for well bore storage influences Also, the technique
involves the Jacob approximation of the Theis equation and thus applies
only to the portion of the aquifer tests in which the dimensionless
parameter "u" is less than 0 01

For many unconfined aquifer tests, the results may not be amenable to
analysis by the Theis or Cooper and Jacob methods Boulton (1963) observed
that the drawdowns from unconfined aquifer pump test when plotted against
time on logarithmic paper often followed an inflected curve consisting of a
steep segment at early times that closely matched the Theis response, a
flat segment at intermediate times, and a somewhat steeper segment at later
times The intermediate segment suggested the release from storage of an
additional water source which Boulton referred to as "delayed yield"
Boulton derived a new flow equation assuming that a component of the
storage coefficient varies with time

A variety of explanations have been offered to explain the "delayed yield"
phenomenon Drainage from the unsaturated zone has been dismissed by
theoretical and experimental data which show that the influence is
negligible. Work by Neuman (1975) and Streltsova (1972) both showed that
delayed yield phenomenon may be caused by a time lag between the early
artesian response of the aquifer and the subsequent downward movement of
the water table. Bouwer and Rice (1978) have hypothesized that the delayed
yield response could be due to delayed air entry during the early drawdown

B-4



023K4T5

response However, Neuman (1979) has observed that the delayed yield
phenomenon has been observed in a variety of site conditions and does not
apoear to correlate with hydrogeologic conditions which would contribute to
delayed air entry

Neuman's (1975) explanation has gained the greatest acceptance Neuman
de/eloped type curves from solutions based on linearization These
solutions are generally less restrictive than the Cooper and Jacob (1946)
and Theis (1935) recovery analysis but still depend on an assumption that
the drawdown at the water table remains small in comparison with the
initial saturated thickness of the aquifer

Walton (1978) concludes that analysis of unconfined pump test response can
provide meaningful results provided vertical components of flow, anisotropy
in permeability, decreases in aquifer saturated thickness, well bore
storage effects and partial penetration of wells are recognized and taken
into account in the analyses All these factors may appreciably affect the
time rate of drawdown, particularly during early pumping periods

B-2 1 SHORT TERM TESTING PROGRAM

Preliminary aquifer testing was conducted at the French Limited site
between May 24 and May 26, 1988 The testing was coordinated with the
sanpling of wells monitoring the upper alluvial zone in the vicinity of the
French Limited site The results of these preliminary aquifer tests are
included in Attachment 1 of this appendix

Personnel from ERT operated the pumps and performed the purging and
sampling of the wells AHA personnel monitored water level declines and
rises during the purging stage of sampling in an effort to obtain
preliminary quantitative estimates of transmissivity, hydraulic
conductivity and storativity of the upper alluvial zone Because the
purging operation moved relatively quickly from well to well, it was often
not possible to obtain recovery measurements Nevertheless, the objective
of the tests was not to obtain accurate estimates of aquifer
characteristics, but to obtain preliminary estimates from a large number of
sites which would be used in designing more rigorous aquifer tests at a
select number of wells

Particular caution was exercised in preventing cross-contamination of the
wells To achieve this, the well sounder was washed with deionized water
prior to insertion into the well. Water from the purging operation was
either pumped directly into the French Lagoon or pumped to temporary
holding tanks which were then dumped into the French Limited Lagoon by ERT
personnel so as not to risk contamination of soils offsite

Since the pump test measurements were taken when the wells were purged
prior to sampling, there was little control over the pumping rate The
pumping times were of short duration which usually allowed for only one
flow measurement. The only tests with more than one flow measurement, pump
tests at ERT-4 and REI-10-3, showed that pumping rates appear to have
varied significantly during the test with rates dropping during the later
part of the pumping period The variable pumping rates make

B-5
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interpretations based upon one pumping rate measurement suspect Because
of the problems with pumping rate control, it appears that the most
reliable tests from the short term testing program are the tests that were
of short enough duration to be interpreted as slug tests or the wells with
specific capacities that were high enough to result in little variation in
pumping rate and minimal well bore storage influences

Wells ERT-28 and ERT-30 were pumped for only 4 25 minutes and 2 minutes
respectively and were slow to recover Analysis as a slug test was
believed to provide valid results, although they still should be viewed as
order-of-magnitude estimates Transmissivity values of 52 gpd/ft and 63
gpd/ft were determined from the timelag analysis of the test results from
weils ERT-28 and ERT-30 respectively Detailed description of the test and
the analyses are provided in Attachment 1

The results from wells ERT-23, ERT-24 and ERT-27 indicate relatively high
transmissivities. Because of the high specific capacity for these wells,
the well bore storage effects appear to have had minimal influence on the
test and would have been negligible beyond two minutes into the drawdown
and recovery periods. Furthermore, it is likely that the pumping rate was
le&s variable because of the limited drawdown The pumping period was from
eight to nine minutes and the flow measurement was recorded about midway
through the pumping period The transmissivities estimated from the
drawdown and recovery data are 7133 and 8420 gpd/ft respectively for well
ERT-23, 2448 and 2922 gpd/ft respectively for well ERT-24 and 7001 gpd/ft
from the recovery data for well ERT-27 These estimates are believed to be
representative of the approximate magnitude for transmissivities in the
immediate vicinity of these wells

The other results from the preliminary testing program are less reliable
because of unknown variable pumping rates and well bore storage effects
Data from the recovery periods of the preliminary tests on wells ERT-25 and
ERT-26 are considered marginal but are believed to provide order-of-
magnitude estimates of transmissivity The transmissivity estimated from
these tests are 1550 gpd/ft for well ERT-25 and 1300 gpd/ft for well ERT-
26

The results from the preliminary tests at wells REI-10-3, ERT-2, ERT-3,
ERT-4, ERT-7, ERT-8, ERT-9, and ERT-29 were not used because well bore
storage effects and/or variable pumping rates precluded valid
interpretations from these tests In fact, attempts to use the results to
design the longer term testing program led to overestimating the desired
pumping rates for the designed tests because of the overestimation of
transmissivities from these tests In that respect, the preliminary test
fell short of its intended purpose The attempt to develop preliminary
information on aquifer characteristics during well purging may be
appropriate for wells exhibiting very high or very low transmissivities but
may be inappropriate for wells with transmissivities between these extremes
without considerably more control over pumping rates.
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B-2.2 LONGER TERM PUMP TESTING PROGRAM

In the work plan "Pumping Test Program For Shallow Alluvial Aquifer Zone"
(July 28, 1988), five wells were selected for the longer term pump tests
Four of the locations were selected to develop aquifer characteristics in
the vicinity of where groundwater recovery wells would most likely be
located immediately south of the French Limited Lagoon. The fifth well,
ERT-29 was selected to characterize the aquifer between the French Limited
Lagoon and the Riverdale Subdivision. The test program called for pumping
each well for six to eight hours and to measure drawdown and recovery in
the pumped well and in any observation wells Two of the tests, ERT-20 and
ERT-21, were designed as single well tests.

An update of this work plan dated August 3, 1988 was prepared This update
included the provision to monitor control variables during each of the
tests The recommended control variables were precipitation, lagoon levels
(for the proposed REI-10-3) test and at least one control well for each
test. The purpose of the control measurements and in particular the
control wells is to be able to identify the extraneous fluctuations
associated with evapotranspiration and recharge from precipitation and to
remove these fluctuations from the water level response in the observation
wells in order to arrive at the response due only to pumping It was known
from the extensive measurements taken during the aquitard evaluation tests
performed in 1986 by Applied Hydrology Associates (AHA, 1986) that the
water level fluctuations in the upper alluvial zone are unaffected by
barometric fluctuations Therefore, barometric measurements were not
included as a control variable

B-2 3 LONGER TERM PUMP TESTING RESULTS

A number of modifications to the testing program were also made in the
field either in response to the sustainable pumping rates which were
gererally lower than anticipated or to address concerns raised by personnel
from the U S EPA and Jacobs Engineering concerning test locations Short
term step drawdown tests were performed on wells REI-10-2, REI-10-3 and
REI-10-4 These tests did not include control measurements A longer term
test of well REI-10-3 was not performed. Instead, a seven-hour pump test
was conducted on well ERT-10 A seven-hour test was also conducted on well
ERT-22 Tests of six to eight hours were performed on wells ERT-7 and ERT-
21, as called for in the work plan The tests on wells ERT-20, and ERT-29
were terminated short of six hours because of pump failure on well ERT-20
and drawdown to the pump level at well ERT-29.

A summary of the pump tests conducted during the August longer term upper
alluvial aquifer analysis program is provided in Table B-2 A description
of the background, procedures and results for each test are provided in
Attachment 2 along with the field data and reduced data from the pumping
well, the observation wells and the control wells The estimates
considered to be most representative for each well tested are summarized in
Table B-3
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TABLE B-2

SUMMARY OF PUMP TESTING PROGRAM
FRENCH LIMITED SHALLOW AQUIFER TESTS

Date Pumped Observation Control Pumping Test Duration Maximum
Well Wells Wells Rate (mins) Drawdown

rate time DD Recov (ft)
(gpm) (mins)

8-05-88 REI-10-4 REI-10-2 none 15 0-30 30 18 62
REI-10-3 0 0 30- 90 60

2 5 90-116 26 30 72

8-08-88 REI-10-2 REI-10-3 none 0 83 0- 34 34 27 4
REI-10-4 0 59 34-100 66 34 01

0 0 100-265 165

8-09-86 REI-10-3 REI-10-2 none 05 0-30 30 20 37
REI-10-4 1 0 30- 42 12 25 94
ERT-1 0 0 42-512 470

8-08-88 ERT-20 GW-08 ERT-21 2 04 0- 78 137 120 8 2
and ERT-7A 2 5 78-115

8-09-88 ERT-7 2 67 115-137
REI-6-2

8-09-88 ERT-7 ERT-7A REI-10-4 6 67 0-495 495 630 27 21
ERT-8 REI-6-2
ERT-8A ERT-1

8-10-88 ERT-21 GW-03 ERT-20 3 83 0-480 480 720 16 09
REI-6-1
REI-3-3
REI-3-2

8-11-88 ERT-22 none ERT-23 4 35 0- 60 420 480 27 21
ERT-7A 2.4 60-330
ERT-7 2 88 330-420
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TABLE B-2 (continued)

Date Pumped Observation Control
Well Wells Wells

Pumping
Rate

rate time
(gpm) (mins)

Test Duration Maximum
(mins) Drawdown

DD Recov (ft)

8-12-88 ERT-29 ERT-28
ERT-30

ERT-23 0 66
1 1
0 79
1 9
1 58
4 35

0- 60
60-106
108-210
210-220
220-250
250-260

460 120 19 4

8-15-88 ERT-10 ERT-9
ERT-9A
ERT-10A

ERT-1
ERT-1A
ERT-8
ERT-8A
REI-10-4

2 05 0- 97 97
0 84 97-317 220
0 64 317-430 113

33 46
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TABLE B-3

SUMMARY OF UPPER ALLUVIAL AQUIFER TESTS
AUGUST, 1988

FRENCH LIMITED SITE
CROSBY, TEXAS

PUMP WELL OBS WELL

ERT-10 ERT-9

ERT-10 REI-10-4

ERT-20 ERT-20

ERT-21 ERT-21

ERT-22 ERT-22

ERT-7 ERT-8

REI-10-2 REI-10-4

REI-10-3 REI-10-3

ANALYSIS T
METHOD GPP/FT

Bursoy & 754
Sommers
(Recovery)

Boulton 145
Del Yld

Birsoy & 695
Sommers
(Recovery)

Theis 595
Recovery

Brisoy & 714
Sommers
(Recovery)

Boulton 1387
Del Yld

Boulton 142
Del Yld

Theis 4
Recovery

K
CM/S S

1 19X10' 3 0058

2 28X10"4 00079

9 37X10"4

8 02X10-4

8 42X10"4

2 33X10"3 0041

4 78X10'4 0086

1 88X10 "5

SATURATED
SCREENED
INTERVAL

30 feet

30 feet

35 feet

35 feet

40 feet

28 feet

14 feet

10 feet
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The results from wells ERT-9, ERT-20, ERT-21 and ERT-22 all indicate
similar values for transmissivity in the range from 595 to 754 gpd/ft
Results from the drawdown analyses indicate a broader range for
transmissivity but the recovery data are considered to be the most
reliable The transmissivity estimate of 1387 gpd/ft calculated in the
vicinity of well ERT-7 is somewhat higher but corresponds with the higher
well yields from wells ERT-7 and ERT-8 The storage coefficient of 0 0041
determined from the recovery analysis corresponds with the early test,
elastic storage coefficient as described by Neuman (1975) It is not
representative of the specific yield that would characterize the storage
coefficient for a long term test or pumping program

Transmissivity values appear to decrease toward the southwest corner of the
French Limited Lagoon west of well ERT-9 The transmissivity calculated
from the analysis of the response in well ERT-9 during the pump test of
well ERT-10 was 754 gpd/ft The storage coefficient of 0 0058 was
relatively close to the estimate from the ERT-7 well test The
transmissivity values around wells REI-10-2, REI-10-3 and REI-10-4 is
substantially lower as evidenced by the very low values for specific
capacity for these wells and the pump test results

All the pumping well data from the step drawdown tests at wells REI-10-2,
REI-10-3 and REI-10-4 were subject to significant well bore storage
influence The drawdown response at observation wells was relatively
minor The best response was in well REI-10-4 during pumping of well REI-
10-2 Even though the pumping rate changed during the test, the rate
change was less than 30 percent and it occurred relatively early during the
test The drawdown response was successfully matched to a Boulton Delayed
Yield curve with r/B - 2 0 The resulting transmissivity was 142 gpd/ft
which seemed reasonable while the corresponding storage coefficient of
00086 was thought to be reasonable for the early test response for an

unconfired aquifer

The Boulton Delayed Yield analysis of the response in well REI-10-4 during
the pump test of well ERT-10 indicated a remarkably similar aquifer
characteristics with a transmissivity of 145 gpd/ft and a storage
coefficient of 00079 The Theis recovery analysis of the pump test at
we_l REI-10-3 produced a much lower estimate of transmissivity of only 4
gpd/ft This low value is thought to be representative of conditions in
the immediate vicinity of the well given the very low specific capacity of
the well and the lack of a response in well ERT-1 located only 20 feet
away However, the results at the observation well REI-10-4 are thought to
be more representative of the general conditions in the vicinity of the
RE]-10 well cluster

A more transmissive zone appears to exist in the vicinity of well ERT-23
This zone is localized as evidenced by the low transmissivity values at
wells REI-10-2 and REI-10-4 northeast of the well and at wells ERT-28 and
ERT-30 located southwest of the well The estimated transmissivity is
approximately 8000 gpd/ft. The high transmissivity may be associated with
a channel sand. This more transmissive zone does not appear to extend to
the southeast as far as the REI-3-3 well but may extend toward the
northwest and west in the direction of well ERT-24 and well ERT-27 The
preliminary test results at well ERT-24 suggested a transmissivity for this
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well of approximately 2500 gpd/ft Likewise, the recovery analysis from
well ERT-27 indicate a transmissivity of about 7000 gpd/ft However, the
results from well ERT-27 were considered to be less reliable because of
possible errors in pumping rate measurement and possible influence of well
bore storage.

The slug test analysis of wells ERT-28 and ERT-30 suggest very low values
of transmissivity for these wells. These results should be viewed as
order-of-magnitude estimates considering the limitations of slug test
analyses Furthermore, slug test results are representative of the zone
immediately around the well bore which may not be representative of the
aquifer especially if the well was not thoroughly developed
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ATTACHMENT 1

PRELIMINARY PUMP TEST DATA AND INTERPRETATION

French Limited Site,

Crosby, Texas

MAY 24 to MAY 26, 1988
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 26, 1988

PUMPED WELL ERT-4

OBSERVATION WELLS ERT-1, radial distance 15 75 feet

CONTROL WELLS' none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of wells
ERT-1 and ERT-4 precede the aquifer test data which follow Prior to
purging the pumped well, ERT-4, the depth to static water level below the
top of casing in the observation well, ERT-1, was measured using an
electronic well sounder with accuracy to 01 feet The well was purged
with a submersible pump and water level measurements were taken with the
electric sounder on about one minute intervals during well purging The
puirp was stopped after 11 17 minutes and two recovery measurements were
taken Additional recovery measurements were not taken because the purging
operation moved quickly to the next well Two measurements taken with a
five-gallon bucket and stop watch showed this pumping rate to vary from
12 8 gpm near the start of the pumping to 3 4 gpm about 5 5 minutes after
the stare of pumping

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' - s-s2/2Ho

where s' — adjusted drawdown
s - measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns
Water levels in the pumped well were not measured during the test

Water produced from the test was dumped directly into the French Limited
Lagoon

INTERPRETATION.

The observation well, ERT-1, located 15.75 feet from the pumped well showed
a response to pumping that could be matched with a Theis curve using the
nonproprietary IGWMC program THCVFIT (van der Heijde, 1987) for aquifer
tests in which drawdown data were recorded at an observation well at a
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distance r from the pumped well The program is based upon the Theis
curve matching technique The program allows the user to interactively
match a log-log plot of drawdown versus time to a Theis curve The program
calculates the match point, the transmissivity and the storage coefficient
given the constant pumping rate and the radial distance between the pumped
well and the observation well Using the average pumping rate determined
from the two measurements, the resulting transmissivity estimate was 3479
gpd/ft , the average hydraulic conductivity was determined to be 5 5x10
cm/sec, and the storage coefficient was determined to be 014 The results
of this analysis are attached

The results of the test are considered questionable because of the variable
pumping rate and the lack of recovery measurements which would have been
less sensitive to pumping rate fluctuations The u value at the radius of
the observation wells was too large to permit satisfactory application of
the semi-log techniques such as that of Birsoy and Summers (1980)
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FRENCH LIMITED
CROSBY, TX

ERT-1 OBSHn-VATIQN
ERT-4 PUMF'ED
DATE: 5/2t./88
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Curve watching - English unitsEn<

ro
to
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Program THCVFIT Version 1.0 IGWMC Indianapolis - Delft

INITIAL DATA:

Site rame: FRENCH
Name cf pumping well: EP f-4
Name of observation well: EPT-1

Constant pumping rate 0 = 11232 gal/day
Radial dis-.ance to observation well...R = 15.75 ft
Matchpoint drawdown SA = .2570798 ft
Number of response pairs. NUM = 11

AOUIFER-TE3T TIME-DRAWDOWN DATA

# T. me <min; Drawdown (ft) ft Time (mm) Drawdown -n

I 1.2-j 0,01 2 2.2'.' M..-.4
" .. JO u. t) /" A 4. ;i.i u. i'i
t 5.2>J 0, 10 6 t. 20 i'. I "
~ 7.̂ .0 '.),20 6 8.2'j i'.^2
•5 '>, 2o u. 24- lo I/.- 2'j ', 'i'

CnL'JULAFED PARAMETERS

Transmissivity TRANS = 3.4791E+03gal/day/ft
Stor*ge coefficient STOP = 1.3792E-O2
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST. May 26, 1988

PIMPED WELL REI-10-3

OBSERVATION WELLS ERT-1, radial distance 20 4 feet

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of wells
REI 10-3 and ERT-1 precede the aquifer test data which follow Prior to
purging the well the depth to static water level below the top of casing in
both the pumped well and the observation well were measured using an
electronic well sounder with accuracy to 01 feet The pumped well, REI
10-3, was purged with a submersible pump and water level measurements were
taken with the electric sounder during well purging Recovery measurements
were not taken in the observation well, ERT-1, but were recorded in the
pumped well The well bore in well REI-10-3 was purged nearly dry after
2 27 minutes of pumping causing the pump to stop several times during the
15 7 minute purging operation One flow measurement of 11 54 gpm was taken
via a five-gallon bucket and stop watch during the initial pumping period
From the one flow measurement and the on and off times of pumping, a
weighted mean pumping rate of 2 29 gpm was estimated Obviously, the
pumping rate varied considerably during the purging operation because of
starting and stopping of the pump

The drawdown values were corrected using the following correction
de/eloped by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' - s-s2/2Ho

where1 s' - adjusted drawdown
s — measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns
Water levels in the pumped well were also measured during the test

Water produced from the test was dumped directly into the French Limited
Lagoon
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IMERPRETATION

The observation well ERT-1 located 20 4 feet from the pumped well, REI 10-
3, showed a response to pumping that could be matched with a Theis curve
using the nonproprietary International Ground Water Modeling Center (IGWMC)
program THCVFIT (van der Heijde, 1987) for aquifer tests in which drawdown
data were recorded at an observation well at a distance r from the pumped
well The program is based upon the Theis curve matching technique The
program allows the user to interactively match a log-log plot of drawdown
versus time to a Theis curve The program calculates the match point, the
transmissivity and the storage coefficient given the constant pumping rate
and the radial distance between the pumped well and the observation well
Using the weighted mean pumping rate of 2 29 gpm, the resulting
transmissivity estimate was 1859 gpd/ft, the average hydraulic conductivity
was determined to be 2 9x10" cm/sec and the storage coefficient was
determined to be 0 008

The recovery data from the pumped well were analyzed using the
nonproprietary International Ground Water Modeling Center (IGWMC) program
RECOVERY in the PUMPTEST package (Beljin, 1986) which is based upon the
Theis (1935) recovery method in which residual drawdown is plotted on an
arithmetic scale against the parameter t/t' (time since pumping
started/time since pumping stopped) on a log scale RECOVERY also allows
the user to interactively specify which data are to be fitted to a straignt
line Using the weighted mean pumping rate of 2 29 gpm, the resulting
transmissivity estimate was 7 gpd/ft and the hydraulic conductivity was
1 1x10""' cm/sec The results of these analyses are attached

Tha results of the test are considered questionable because of the variable
pumping rate and the discrepancy in the magnitude of the transmissivity
between the two methods The estimate using the recovery measurements is
less sensitive to pumping rate fluctuation but is still determined to be an
unreliable estimate because of the variable pumping rate and well bore
storage effects in the pumped well
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FRENCH LIMITED
CROSBY, TX

t£ | t f - l OBSERVATION
^EI 10-_ DUMPED
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Curve Matching - English unitsEng

U)
o

Site
Pimping well
Observ, well
Pimping pate

Hatch point
drawdown

IransMissiv
Storativity

FRENCH
REI 10-3
ERI-1
3.298E+03

1.413E-01
1.859E+03
8,07 9 E-83

CD
ro

F2->Plot Iheis F3->Plot data F4->Hatch F5-)1,S F6->Print F7->End
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Program THCVFIT Version 1.0 IGWMC Indianapolis - Delft

INITIAL DATA:

Site name: FRENCH
Name of pumping wel J : REI 10-3
Name of observation well: ERT-1

Constant pumping rate 0 = 3297.6 gal /day
Radial distance to observation weli...R = 20.4 ft
Matcnpoint drawdown SA = . 1412531? ft
Number of response pairs NUM = 12

AOULFEF-TEST TIME-DRAWDOWN DATA

H- r ,-pe '(nm> Drawdown ff I;' tt Time -nun' Or^ijocwn -h>

i 2. 2^ O.uL 2 J-'Jb i'- "1
7 T.bS O.t.>2 4 4 b8 i', i.
f 5.3^3 0.0*5 o 3,je

7.B8 U.Ofe & ^,ulj:

'•= 12,86 (>. i..6 10 14. 5.
1 14. fjb O.U8 12 4,(,HfJ!

CALCULI I ED PARAMETERS

">an=mi3=;ivity TRANS = 1. B587E+u3gal/day/f t
3to-age coefficient STDR = 8.Q/92E-03
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FRENCH LIMITED
CROSBY, TX

WELL REI 10-3
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program:
version:

Recovery
IBM PC 1.0

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD.

*
*
*
*
*
*•
*

LOCATION
WELL
DnTE

N • • • • i i \t-i TWI i L_ J. i i x i t_ĵ

= CROSBY, TX
= RE I 10-7

. . = ^/T'A/Rn
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T = . 1OZE-Q4- Cft2/sJ
T = 7 Cgpd/tt3

DATA SEGMENT ANALYZED :
- starting with data pair 13
- ending with data pair 15

DETERMINATION COEFFICENT = .9917112

•*•+#*•«••***•*•+ **•**•*•* •***•*•*# *** *•**•*•**•**•*****•***#**•*-*•<«•* *•* *•*#*
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 25, 1988

PUMPED WELL ERT-2

OBSERVATION WELLS ERT-5, radial distance 11 5 feet

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of wells
ERT-2 and ERT-5 precede the aquifer test data which follow Prior to
purging the pumped well, ERT-2, the depth to static water level below the
top of casing in the observation well, ERT-5, was measured using an
electronic well sounder with accuracy to 01 feet The well was purged
with a submersible pump and water level measurements were taken with the
electric sounder about two or three times per minute starting at three
minutes until the pump was stopped after 8 67 minutes of well purging
Recovery measurements were not taken because the purging operation moved
quickly to the next well Because of the short duration of the test, only
ona flow measurement was taken at the beginning of the test with a five-
gallon bucket and stop watch

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' - s-s2/2Ho

where s' - adjusted drawdown
s - measured drawdown and
Ho — initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns
Warer levels in the production well were not measured during the test

Water produced from the test was dumped directly into the French Limited
Lagoon

INTERPRETATION-

The observation well ERT-5 located 11 5 feet from the pumped well showed a
response to pumping that could be matched with a Theis curve using the
nonproprietary IGWMC program THCVFIT (van der Heijde, 1987) for aquifer
tests in which drawdown data were recorded at an observation well at a
distance r from the pumped well. The program is based upon the Theis
curve matching technique. The program allows the user to interactively
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match a log-log plot of drawdown versus time to a Theis curve The program
calculates the match point, the transmissivity and the storage coefficient
given the constant pumping rate and the radial distance between the pumped
well and the observation well Assuming that the pumping rate of 12 3 gpm
measured at the beginning of the test is representative of the average
pumping rate during the entire test, the resulting transmissivity estimate
was 1316 gpd/ft , the average hydraulic conductivity was determined to be
1 9x10 cm/sec, and the storage coefficient was determined to be 0 Oil
TTre results of this analysis are attached

The results of the test are considered questionable because of the
likelihood of variable pumping rates and the lack of recovery measurements
which would have been less sensitive to pumping rate fluctuations The u
parameter value at the radius of the observation wells at the end of
pumping was 0 33, which is much too large to permit satisfactory
application of the semi-log techniques such as that of Birsoy and Summers
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l.ASH D R I L L I N G RIG USING A SODIUM BEN'TONHE~i
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023681

FRENCH LIMITED
CROSBY, TX

EP.1-5 OBSERVATION
EPT-2 PUMPED
OATE: 5 /25/Sa
S T A T I C WATER LEVEL: o.64
PUMPING PA IE: 12.30 GPM
01 STANCE TO OBSERVATION
TOTAL DEPTH UF WELL: 43.
HCUII-ER THINNESS: 4^.95

Time Since Time Since
pijTiDinq Pumping
Started, t Stopped, t
t f tnnutSH (minutes'

l.os
.,41
. . b
.. L '5

•_ . 4.

1 • 2 -

-1, ."

4. H--3

' ! • , * •>.

"J . 1 :

"' i —

~ t _

3 4 _

0. VZ

~ . J5
'„ 90

fcf . e>7
'">. OQ (.). 42

lu.5i> 1.83

FEET
= 17,712
POINT: 11
95 FEET
- 6.64 =

Depth
to

Water
< fee t>
6. 75
6.80
£5. b-i

'3 . '''I1

fa. 9b
7 , 0- '

~ . 05
~l . 1 U

' . 15
'• ,'2»
" . .5
" . 3rJ
7. .'5
7.40
7.45
7.50

7.60
7.64

GPD
.50 FEET

37.31 FELT

Drawdown

0.11

u . 7 1
'.) , J 3

u . 3 I
O. 3-3

0.41
c.4o
t.) . 5 1
O j LZi -

u. .•>!
I ' . 33

0 . 7 J

O. 7/3

0.81
0 . 36

0 . 9<b
1 . 00

Corrected
Drawdown , s '

(•feet) Comments
u. 11 b gal '24. 4
O. lo
11,21
O. Jo
u . 3 1
i), .0
U . -1 1
'_' n 4(3

1 ' . -11

u . 5 t~i
U . J) 1

1 . O-"

U. /'.>

u . 7 "j
0.80
0.85

ht'inp Dt +
0.95

0 . 9Q

55C
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Curve Hatching - English units

w

Site
PuHping uell
Observ. well
PuMping rate

Hatch point
drawdown

TpansMissiv
Storativity

FRENCH
ERI-2
fflI-5

1.771E+04

1.072E+00
1.316E+03
1.890E-02

O
ro

JO
. J

F2-)Plot Iheis F3-)Plot data F4-)Hatch F5->T,S F6->Print F?-)End



023KS3
Program THCVFIT Version 1.0 IGWMC Indianapolis - Delft

INITIAL DATA:

Si te name: FRENCH
Name o-F pumping well: ERT-2
Name of observation well: ERT-5

Constant pumping rate ................. 0
Padial distance to observation well...R
Matchpoint drawdown .................. SA
Number of response pairs ............ NUM

17712 gal /day
11.5 ft
1.U71519 -ft
13

TIME-DRAWDOWN DATA

•i+ T i m e ( n u n ;

: ^
5 ;.47

4, 1~
•5 4 . a :

11 '5.57
1 _ t3 • -I 4.

1 ~ a _ ^

1 " T . 08

Drawdown ( t t ' t t T imes ( m i n > D i ' = ' w c r r u r - i

* ' •

O,
11,
o.
0.
0.
u.
o.
0 .

11 2 2,42 > . ±
:i 4 -.. 15 i , _-
"-•i .b j ,. e : i . ' -
41 S 4.4 ' j •. ,-!-

'51 K> f,. It) i .-'t
ol ]^ 0,0. '.',t.f
/O 14 (b . o1-) i , " ":

MO 1 j ' , -!• ' ) ' - -

95 113 ji. '. 3-.' L , "

CALCULATED PARAMETERS

I'ransmissivity TRANS - 1. 3161E+u3gal/day/tt
Storage coefficient STOR = 1.0900E-O2
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023RS4

FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 25, 1988

PUMPED WELL ERT-3

OBSERVATION WELLS ERT-6, radial distance 10 5 feet

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lirhologic and completion logs and an illustration of the location of wells
ERT-2 and ERT-5 precede the aquifer test data which follow Prior to
purging the pumped well, ERT-3, the depth to static water level below the
top of casing in the observation well, ERT-6, was measured using an
electronic well sounder with accuracy to 01 feet The well was purged
with a submersible pump and water level measurements were taken with the
electric sounder about 3 times per minute starting at 2 22 minutes into the
purging operation until pumping was stopped after 5 65 minutes Recovery
measurements were taken for an additional four minutes Because of the
short duration of the test, only one flow measurements was taken at the
beginning of the test with a five-gallon bucket and stop watch which showed
the pumping rate to be 12 5 gpm

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' - s-s2/2Ho

where s' - adjusted drawdown
s — measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns

Water produced from the test was dumped directly into the French Limited
Lagoon.

INTERPRETATION

The observation well, ERT-6, located 10 5 feet from the pumped well, ERT-3,
showed a response to pumping that could be matched with a Theis curve using
the nonproprietary IGWMC program THCVFIT (van der Heijde, 1987) for aquifer
tests in which drawdown data were recorded at an observation well at a
distance r from the pumped well The program is based upon the Theis
curve matching technique. The program allows the user to interactively
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match a log-log plot of drawdown versus time to a Theis curve The program
calculates the match point, the transmissivity and the storage coefficient
given the constant pumping rate and the radial distance between the pumped
well and the observation well Assuming that the one pumping rate
measurement is representative of the average rate during well purging, the
resulting transmissivity estimate was 1015 gpd/ft and the average
hydraulic conductivity was determined to be 1 6x10 cm/sec and the
storage coefficient was determined to be 0 014 The results of this
analysis are attached

The results of the test are considered questionable because of the variable
pumping rate and the lack of recovery measurements which would have been
less sensitive to pumping rate fluctuations The u parameter value at the
radius of the observation wells at the end of pumping was 0 72, which is
much too large to permit satisfactory application of the semi-log
techniques such as that of Birsoy and Summers

B-44



023RS6

ERT-
MR-2

3W-I8

I/
li
II

ERT-2?V\

ERT-23

REI-5

PUMPED WELL

(g) OBSERVATION WELL

A. CONTROL WELL

® TEST LOCATION

ERT-29
o

ERT-30

N

ft
400

ABANDONED
HAMMIS CO.
LANDFILL

FRENCH LIMITED TASKGROUP.INC
FRENCH LIMITED SITE

CROSBY, TEXAS

LOCATION MAP
WELL TEST ERT-3

5/25/88
PROJECT NUMBER 26

DATE HEV 3RAWN CHECK.
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0EKt
RESOURCE ENGINEERING COMPANY

LITHOLOGIC J.OG AND CONSTRUCTION
OF MW- ,„.. ,

Ci..«i French Ltc ask GTOUD DniLLiNC-,A/ux.SAMPLiN& iNromjATin,.,. . . .

Fioi ie l
u.m. Rin-rpinpr ia'11 qn Dii. ti.ti.o J/ J J / «" e
i»r.i,r,n Trnchx TX U«inad RK 1
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nERT LITHOLOQIC J.OG AND CONSTRUCTION
* n c a u u n u e C N U i n t e m N O t U M K A N T vr MW~ER7 ^.

Pie i tc i
F l O l f C I
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WELL ADJACENT TO PREVIOUSLY INSTALLED WELL
CUTTINGS AND-DRILLIND RATE COMPARED WITH
PREVIOUS LOG.
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FRENCH LIMITED
CROSBY, TX

bR r-o OBSERVATION
thl-3 PUMPED
DATE: 5/25/86
STATIC HATER LEVEL: 6.53 FEET
PUMPING RAPE: 12.50 GPM = 13,OOO GPD
DISTANCE TO OBSERVATION 1-0] NTs 10.50 FEET
'•QTAL DEPTH OF WELLs 41.65 FEET
wniJIFEF THICh NESS: 43.65 - 6.53 = 35.12 FEET

r\ me Si ice
i-'i imp] ng
Started, t
( mi nute-z >

•n — v-

2 . O _'

: , 05
: . ; j

• _

4. uS

4, 4'.'

... ~;
j J.3
'- , 4 1"

""Ii i- :
-,

ll B _ '

': T5
~7 "* "*• -' j.

a. 55
<?. so

Time Since Depth
Pumping to
Stopped, t' Water
(minutes) (feet)

6.
6.
43.

43.

f.

43 ,

0.

43.

/ .

7.

J - I _

u. o2 7 ,
1,10 7.
1.67 7.
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65
~ 0
75
do
85
°o
95
'.HI

n£

1"
ib
20
25
30
3O

Drawdown
(•feet >
O.
O.
O.
r .
O,

l.l .

I.I .

(1.
o .
^_ >

I ' ,

:>.
0,
o.
0.
o.

07
12
] ~
-i "i

j_ ,
f T

~

42
4 ."

~3 ._

5 7
a 2
43~

"/2
77
77

Corrected
Drawdown , s '

i - feet^ lomrnents
0.
u.
u.
O,
( .
u.
1 1,

«j.
O a

0.

I '.

O.

0.
o.
0.
u.

07 5 gal ' 24 «=e
12
17
-l

u-

— • "\
_i __

'/

41
'i ;
5 1

i -Linc C ' ~ -
*5''
61

O'3

/I
76
76

B-48



Curve Matching - English units

td

js
VO

Site
PuHping well
Observ, well
Pimping pate

Hatch point
drawdown

TransMissiv.
Storativity

FRENCH

ERH

1.413E+0G
L015E+03
1.395E-82

o
ro

CD

F2->Plot Iheis F3->Plot data F4-)Match F5-JT.S F6->Print F7-)End



Program THCVFIT Version 1.0 IGWMC Indianapolis - Delft

INITIAL DATA:

Site name: FRENCH
Name of pumping well: EPT-3
Name ot- observation well: ER F-6

Constant pumping rate D = 18000 gal/day
Radial distance to observation well...P = 10.5 ft
Matchpoint drawdown SA = 1.412578 ft
Number of response peirs NUI1 = 16

AiJUlFIR-Tt'ST FINE-DRAWDOWN DATA

ft lime i nu n > Drawdown(ft) tt Time (mm; Drawdown > -T.

1 2.22 O.i-/ 2 2,6.. ',11
3.05 U. 17 4 :., 3d '. . 22

-:< 3.73 u.2/ o 4.'j'f ' , ::
4.43 0.3V S +,",_ i. .41

? 5.13 0.47 i" 5.4. '.'.'.51

L ' o. ""5 -J.cjo L4 /,7J ..'. i
IL" 6. -55 O, 7to le> 9. bo ' , " -

CALCULATED PARAMETERS

Iransmissivtty TRANS = 1. 014tiE+03gal /'day/ f t
Storage coefficient SFOR = 1.3946E-02
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 24, 1988

PUMPED WELL ERT-7

OBSERVATION WELLS ERT-7

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-7 precede the aquifer test data which follow Prior to purging well
ERT-7, the depth to static water level below the top of casing was measured
using an electronic well sounder with accuracy to 01 feet The well was
purged with a submersible pump and water level measurements were taken with
the electric sounder about three times per minute starting at 2 67 minutes
in~o the test until pumping was stopped after 9 63 minutes Recovery
measurements were taken for almost 90 minutes following the test Because
of the short duration of the test, only one flow measurements was taken at
the beginning of the test with a five-gallon bucket and stop watch

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' = s-s2/2Ho

where s' - adjusted drawdown
s - measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was dumped directly into the French Limited
Lagoon

INTERPRETATION

The adjusted drawdown data from the pumped well were analyzed using the
nonproprietary pump test program JACOBFIT (Beljin, If986) available from
the International Ground Water Modeling Center The program is based on
the Cooper and Jacob (1946) approximation of the Theis equation The
technique is appropriate for analyses of aquifer tests in which the
dimensionless parameter u - r S/4Tt is less than 0 01
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where r is the radial distance between the pumped well
and observation well (feet),

S is the storage coefficient (unitless)
T is the transmissivity (ft /day), and
t is the time since pumping started (days)

The parameter "u" is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale
The change in drawdown over one log cycle of time is used to calculate
transmissivity The JACOBFIT program allows the user to interactively
specify which data are to be used in fitting the straight line A second
program, RECOVERY (Beljin, 1987), based upon the Theis (1935) recovery
method was used to analyze the recovery data

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate was
963 gpd/ft. using the drawdown data and 1878 gpd/ft using the recovery
data The average hydraulic conductivity was determined to be 1 6xlO"3
cm/sec and 3 2x10" cm/sec respectively for the drawdown and recovery
results The storage coefficient could not be determined from the single
well test The results of these analyses are attached

The results of the test are considered questionable because of the variable
pumping rate However the estimates using the recovery data are thought to
be more reliable because the recovery response is less sensitive to pumping
rate fluctuations Furthermore, well bore storage effects were significant
for nearly the entire pumping interval of 9 63 minutes The time when well
bore effects were no longer significant was calculated using the method of
Schafer (1978) described in section B-2 1 above and shown below

tc = 0 6(16-1)/(12 61/12 26*) - 8 75 minutes

* drawdown at 8 8 minutes into the test

Consequently, the drawdown data for the first 8 8 minutes should not be
used for interpretation Likewise, the first 8 8 minutes of the recovery
data should not be used If the pumping rate declined during purging from
the initial measured value as expected, then the actual transmissivity is
probably somewhat lower than the value of 1878 gpd/ft calculated from the
recovery results.
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ERT-23

PUMPED WELL

OBSERVATION WELL

CONTROL WELL

TEST LOCATION

ERT-22.
REI-I ERT-21

FG--

400

FRENCH LIMITED TASKGROUP.INC
FRENCH LIMITED SITE

CROSBY, TEXAS

LOCATION MAP
WELL TEST ERT-7

5/24/88
PROJECT NUMBER 26

^ Hydrology

JAoiocuuo.kic.

DATE REV 5RAWH CHECK.
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023R.15
ERT.
A RESOURCE ENGINEERING COMPANY

SUBSURFACE EXPLORATION

Sheet 1 of 1

LITHOGRAPHIC LOG OF ERT-7

Client French LTD
ProjBCt Nome French LTD
Project Location Crosby Texas
Job Number 275-21 Boring No
Logged 3y D Morgan
Approved By C Spradl«y
Drilled By Gulf Coast Coring

ERT-7

DRILLING AND SAMPLING INFORMATION
Dote Started 9/28/87 Dote Completed 9/28/87
Method MR Total Depth 46

WELL COMPLETION INFORMATION
Screen Dia *" Langlh 280'
Slot Sire 010 T>pe PVC
Casing Dlo +" Length 17 7'
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023R95

FRENCH LIMITED
CROSBY, TX
WELL ERT-7

DATE: 5/24/88
STATIC WATER LEVEL: 4.24 FEET
PUMPING RATE: 12.61 GPM
DISTANCE TO OBSERVATION POINT: 1 FOOT
TOTAL DEPTH OF WELL: 43.25 FEET (SOUNDED)
AQUIFER THICKNESS: 43.25 - 4.24 - 39.01 FEET

Time Since
Pumping
Started, t
(minutes)
2.67
2.83
3.42
3.58
3.75
3.92
4. 10
4.35
4.57
4.75
5.00
5.20
5.48
5.75
6.03
6.33
6.60
6.95
7.25
7.67
8.05
8.45
8.80
9.15
9.63
11.82
12.20
12.45
12.97
14.37
14.98
15.83
17.00
18.67
21. 10
96.25

Time Since
Pumping
Stopped, t'
(minutes)

2.18
2.57
2.82
3.33
4.73
5.35
6.20
7.37
9.03
11.47
86.62

Depth
to
Water
(•Feet)
14.00
14.30
14.50
14.60
14.70
14.80
14.90
15.00
15. 10
15.20
15.30
15.40
15.50
15.60
15.70
15.80
15.90
16.00
16. 10
16.20
16.30
16.40
16.50
16.60

6.40
6.00
5.80
5.50
5.10
5.00
4.90
4.80
4.70
4.65
4.26

Drawdown
(feet)
9.76
10.06
10.26
10.36
10.46
10.56
10.66
10.76
10.86
10.96
11.06
11. 16
11.26
11.36
11.46
11.56
11.66
11.76
11.86
11.96
12.06
12. 16
12.26
12.36

2. 16
1.76
1.56
1.26
0.86
O.76
0.66
0.56
0.46
0.41
0.02

Corrected
Drawdown , s '

(•feet) Comments
8.54 5 gal/13.8 sec
8.76
8.91
8.98
9.06
9.13
9.20
9.28
9.35
9.42
9.49
9.56
9.63
9.71-
9.78
9.85
9.92
9.99
10.06
10.13
10.20
10.26
10.33
10.40

Pump 0-f-f
2.10
1.72
1.53
1.24
0.85
0.75
0.65
0.56
0.46
0.41
0.02
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023638

*******************************************************
* *
* program: JacobFit *
* version: IBM PC 1.0 *
* *
* A PROGRAM FOR PUMP TEST ANALYSIS USINB JACOB'S *
* FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD. *
* *
*******************************************************

LOCATION =
WELL
DATE

STATIC

_
_

WATER LEVEL

1 1^t_I^Ml 1 ^*1 1* 1 Wl

CROSBY , TX
ERT-7
5/25/88

S.W.L.
DISCHARGE RATE =
DISTANCE OF OBSERVATION POINT -

NO

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

TIME Cmin]

2.67
2.83
3.42
3.58
3.75
3.92
4. 10
4.35
4.57
4.75
5.00
5.20
5.48
5.75
6.03
6.33
6.60
6.95
7.25
7.67
8.05
8.45
8.80
9. 15

DRAWDOWN C-ft]

8.540
8.760
8.910
8.980
9.060
9. 130
9.200
9.280
9.350
9.420
9.490
9.560
9.630
9.710
9.780
9.85O
9.920
9.990
10.060
10. 130
10.200
10.260
10.330
10.400

^

4.24 C-ft]
12.61 Cgpni3
i eft:

u

. OOOE+00

. OOOE+00

. 147E-02

. 140E-02

. 134E-02

. 128E-02

. 123E-02

. 115E-02

. 110E-02

. 106E-02

. 100E-02

. 966E-03

.917E-03

. 874E-03

. 833E-03

. 794E-03

.761E-03

. 723E-03

. 693E-03

. 655E-03

. 624E-03

. 594E-03

.571E-03

. 549E-03

DEVIATION

+. OOOE+00
+. OOOE+00
-. 119E-01
-. 105E-01
-.858E-04
+.339E-02
+.603E-02
-.279E-02
-.6B1E-02
+.522E-02
-. 174E-02
+.941E-02
+.713E-03
+.855E-02
+.721E-02
+.435E-02
+. 117E-01
+.415E-02
+. 107E-01
-.376E-02
-.632E-02
-. 191E-01
-.998E-02
+. 150E-02

TRANSMISSIVITY T - .149E-02 Cft2/s3
T - 963 Cgpd/ft:

STORATIVITY S - .180E-02

DATA SEGMENT ANALYZED :
— starting with data pair 3
- ending with data pair 24

DETERMINATION COEFFICENT = .9996088

******************************************************
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023700
**###*#****#******###*#*#****#***********#****#*##*****
* . *
* program: Recovery *
* version: IBM PC 1.0 *
* *
* A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S *
* FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD. *
* *
*##**#*********#**************************###***#******

LOCATION =
WELL . =
DATE =

STATIC WATER LEVEL
DISCHARGE RATE
DURATION OF PUMPING

1 l\l.|i|WI 1 ^ A 1 1 J. 1 U-

CROSBY, TX
ERT-7
5/25/88

S.W.L. _

PERIOD. . . »

NO TIME t'Cmin] TIME t Cmin]

1 2. 18
2 2.57
3 2.82
4 3.33
5 4.73
6 5.35
7 6.20
8 7.37
9 9.03
10 11.47
11 86.62

11.81
12.20
12.45
12.96
14.36
14.98
15.83
17.00
18.66
21. 10
96.25

LJ

4.24
12.61
9.63

t/t '

5.42
4.75
4.41
3.89
3.04
2.80
2.55
2.31
2.07
1.84
1.11

[•ft]
CaDfnD*• y r IM ••

[mini

DRAWDOWN s'C-ftD

2. 100
1.720
1 . 530
1 . 240
0.850
O.750
0.650
0.560
O.46O
0.410
0.020

DEVIATION

+.OOOE+00
+.OOOE+00
+.OOOE+00
+.OOOE+00
+.442E-01
+.269E-01
-.206E-02
-. 139E-01
-.293E-01
+. 102E-01
+.812E-02

TRANSMISSIVITY T = .291E-02 Cft2/s:
T = 1878 Cgpd/ft:

DATA SEGMENT ANALYZED s
- starting with data pair 6
- ending with data pair 11

DETERMINATION COEFFICENT = .9939948

*###***#********#**##********#**********#************#
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0237-11

FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST- May 26, 1988

PUMPED WELL ERT-8

OBSERVATION WELLS ERT-7, radial distance 8 95 feet

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of wells
ERT-8 and ERT-7 precede the aquifer test data which follow Prior to
purging well ERT-8, the depth to static water level below the top of casing
in observation well, ERT-7, was measured using an electronic well sounder
with accuracy to 01 feet The well was purged with a submersible pump and
water level measurements were taken with the electric sounder one to three
times per minute starting at 3 33 minutes into the purging operation until
pumping was stopped after 9 6 minutes Recovery measurements were taken
for an additional four minutes Because of the short duration of the test,
only one flow measurement was taken near the beginning of the test using a
fi\e-gallon bucket and stop watch which showed the pumping rate to be 12 66
gpm

The drawdown values were corrected using the following correction developed
by Jacob (1963) to allow the solutions for confined aquifers to better
apply to unconfined conditions

s' - s-s2/2Ho

where s' - adjusted drawdown
s — measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns
Water levels in the pumped well were not measured during this test

Water produced from the test was dumped directly into the French Limited
Lagoon

INTERPRETATION

The observation well, ERT-7, located 8 95 feet from the pumped well, ERT-8,
showed a response to pumping that could be matched with a Theis curve using
the nonproprietary IGWMC program THCVFIT (van der Heijde, 1987) for aquifer
tests in which drawdown data were recorded at an observation well at a
distance r from the pumped well. The program is based upon the Theis
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curve matching technique The program allows the user to interactively
match a log-log plot of drawdown versus time to a Theis curve The program
calculates the match point, the transmissivity and the storage coefficient
given the constant pumping rate and the radial distance between the pumped
well and the observation well

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate was
2197 gpd/ft and the average hydraulic conductivity was determined to be
3 7x10" cm/sec, and the storage coefficient was determined to be 0 022
The results of this analysis are attached

The results of the test are considered questionable because of the variable
pumping rate and the lack of recovery measurements which would have been
less sensitive to pumping rate fluctuations The u parameter value at the
radius of the observation wells at the end of pumping was 0 22, which is
much too large to permit satisfactory application of the semi-log
techniques such as that of Birsoy and Summers
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PUMPED WELL

OBSERVATION WELL

CONTROL WELL

TEST LOCATION

400

ABANDONED
HAM IS CO.
LANDFILL

FRENCH LIMITED TASKGROUP.INC
FRENCH LIMITED SITE

CROSBY, TEXAS

LOCATION MAP
WELL TEST ERT-8

5/26/88
PROJECT NUMBER 26

iHydrology
I Auoctaloa. Ine

DATE REV JRAWN CHECK. APPftOV
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023704
ERT.
A RESOURCE ENGINEERING COMPANY

SUBSURFACE EXPLORATION

Sheet 1 of 1

LITHOGRAPHIC LOG OF ERT-8

Cltent French LTD
Projec* Name French LTD
Project Location Crosby. Texas
Job Number 275-21 Boring No
Loggec By 0 Morgan
Approved By G Spradley
Drilled By Gulf Coast Coring

ert-8

DRILLING AND SAMPLING INFORMATION
Dote Started 9/28/87 Date Completed 9/28/87
Method MR Total Depth 50*

WELL COMPLETION INFORMATION
Screen Dio ** Length 29 5'
Slot Sze 010 Type PVC
Casing Dla 4-' Length 19 6'
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50
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55 -:

DESCRIPTION

SURFACE ELEVATION
Fill, roadbose, gravel, silt, sand

SUty Sand, gray

Scnc, 1 ne to medium grained

C.ayey Silt, gray, some odor

Silty Cloy, light gray, some tan mottles

Stratigraphic breaks determined by advance of boring, cuttings.
and information obtained from adjacent well F.RT— 7
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TYPE

S5 - DPI .EN SPUT SPOON
ST - PRf 3SED SHELBY TUBE

BOP NO METHOC
HSA - HOLLOW STEM AUGER
CTA - CONTINUOUS FLIGHT AUGERS

DC - DRIVING CASING
UD - MUD DRILLING
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023705
ERT. Sheet 1 of 1

A RESOURCE ENGINEERING COMPANY

SUBSURFACE EXPLORATION LITHOGRAPHIC LOG OF ERT-7

Client French LTD
ProjBCt Nome French LTD
Project Location Crosby. Texas
Job Number 275-21 Boring No
Logged By 0 Morgan
Approved By C Spradl«y
Drilled By Gulf Coast Coring

ERT-7

DRILLING AND SAMPLING INFORMATION
Date Started 9/28/67 Date Completed 9/28/87
Method MR Total Depth 48

WELL COMPLETION INFORMATION
Screen Dia ** Length 28 0'
Slot Sl:e 010 T>pe PVC
Casing Dia *" Length 177'

X t
1— C
o- C

*S

-
-
-
-

5 -_
-

t f\ ~

:

15-E

;

T ~

~

23 -J

a
-i

» a
;

35 —_

'-

40 —

45 -f

-

50 -:

55 -:

DESCRIPTION

SURFACE ELEVATION
fill roaebase, gravel, sand, silt

Snty Sa->d. tan to brown/ gray, fine to medium g-ained
so^s black sludge material

5c°o, -ir* to mediunr, grained. ara>, suong odor

S ..> C c^ g-ay w.tn some reo/bro\*ri mottles stit*
w tfi so"ns fne groined sand seams
sar-e oc;r

C'ayey Sic, light gray, sort, saturated

some ado-

Si. ly Cloy, light gray, stiff, some tan mottles, no odor

BORING TERMINATED AT 480'
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CC - DRIVING CASING
MO - MUD DRILLING
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FRENCH LIMITED
CROSBY, TX

ERT-7 OBSERVATION
ERT-8 PUMPED
DATE: 5/26/88
STATIC WATER LEVEL: 4.80 FEET. WAS 4.24 FEET PRIOR TO PUMPING YESTERDAY.
PUMPING RATE: 12.66 GPM - 18,230.4 GPD
DISTANCE TO OBSERVATION POINT: 8.95 FEET
TOTAL DEPTH OF WELL: 43.25 FEET
AQUIFER THICKNESS: 43.25 - 4.80 = 38.45 FEET

Time Since Time Since Depth
Pumping
Started, t
(minutes)
3.33
3.58
4. 12
4.42
4.70
5.23
5.78
6.40
8. 13
9.52

Pumping to
Stopped, t' Water
(minutes) (feet)

4.94
5.00
5. 10
5. 15
5.20
5.25
5.30
5.35
5.45
5.50

Drawdown
(feet)
0. 14
0.20
0.30
0.35
0.40
0.45
0.50
0.55
0.65
0.70

Corrected
Drawdown , s '

(feet) Comments
0. 14 5 gal/23.7 sec
0.20
0.30
0.35
0.40
0.45
0.50
0.55
0.64
0.69

9.60 Pump Off
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Curve Matching - E n g l i s h units

3)

ON

Site
Pumping well
Obsepv, well
Pimping rate

Hatch point
drawdown

TpansNissiv
Storativity

FRENCH

ERT-7
l,823E*fl4

6.607E-B1
2.197E+03
2,239 E-02

O
ro

F2-)Plot Theis F3-)Plot data F4-)Match F5-)T,S F6->Print F7-)End



0237-13

Program THCVFIT Version 1.0 IGWMC Indianapolis - Delft

INITIAL DATA:

Site name: FRENCH
Name of pumping well: ERT-8
Name of observation well: ERT-7

Constant pumping rate Q = 18230 gal/day
Radial distance to observation well...R = 8.95 ft
Matchpoint drawdown SA = .6606935 ft
Number of response pairs NUM = 10

AQUIFER-TEST TIME-DRAWDOWN DATA

tt Time (min) Drawdown(ft) tt Time (min) Drawdown(ft)

1 3.33 0.14 2 3.58 0.20
3 4.12 0.30 4 4.42 0.35
5 4.70 0.40 6 5.23 0.45
7 5.78 0.50 8 6.40 0.55
9 8.13 0.64 10 9.52 0.69

CALCULATED PARAMETERS

Transmissivity TRANS
Storage coefficient STOR

2.196BE+03gal/day/ft
2.2385E-02
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 25, 1988

PUMPED WELL: ERT-9

OBSERVATION WELLS ERT-10, radial distance 9 0 feet

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of wells
ERT-9 and ERT-10 precede the aquifer test data which follow Prior to
purging well ert-9, the depth to static water level below the top of casing
in observation well ERT-10 was measured using an electronic well sounder
with accuracy to 01 feet The well was purged with a submersible pump and
water level measurements were taken with the electric sounder periodically
during the purging operation The well bore in well ERT-9 was purged
nearly dry after 1 33 minutes of pumping, in that period, one flow
measurement of 12 66 gpm was taken via a five-gallon bucket and stop watch
The pump was stopped and the well allowed to recover for nine or ten
minutes before the well bore was purged again This continued until the
well bore was purged three times A weighted mean pumping rate of 3 22 gpm
was estimated from the times the pump was operating assuming the pump rate
was 12 66 gpm while the pump was operating Obviously, the pumping rate
varied considerably during the purging operation and the average pumping
rate is a crude estimate at best Recovery measurements were taken for
only three minutes

The drawdown values were corrected using the following correction developed
by Jacob (1963) to allow the solutions for confined aquifers to better
apply to unconfined conditions

s' - s-s2/2Ho

where s' - adjusted drawdown
s - measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns
Water levels in the pumped well were not measured during this test

Water produced from the test was dumped directly into the French Limited
Lagoon.
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INTERPRETATION

The observation well ERT-10 was located nine feet from the pumped well
The attempt to match the response to pumping with a Theis curve using the
nonproprietary IGWMC program THCVFIT (van der Heijde, 1987) is attached
The fit is not good as might be expected with the variable pumping rate

The results presented for this test are not considered representative
because of the poor fit to the Theis curve and the variable pumping rate
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ERT-
ERT-I

LAGOON MARGIN

4 tnT~4A PRT-
• • ERT 0ERT-IOA

ERT-9A

RE1-IO-3

REI-P-IO-3

•R E I - I O - I

^REI-IO-4

REI-P-IO-2
LREI-P-IO-4

.REI-IO-2

ROAD

PUMPED WELL

OBSERVATION WELL

CONTROL WELL

TEST LOCATION

N

ft
100

AtANDONCO
HAMHIS CO.
LANDFILL

FRENCH LIMITED TASKGROUP.INC
FRENCH LIMITED SITE

CROSBY, TEXAS

LOCATION MAP
WELL TEST ERT-9

5/25/88
PROJECT NUMBER 26

MCV DKM»M CHECK.
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IRT(
A RESOURCE ENGINEERING COMPANY

Sheel_Lof _L

BORING LOG AND CONSTRUCTION
OF ERT-9

ARCP Chtmtcil CompanyClient
Protect N«m» French Limited Site
PfO|«Ct Lociilian lroib>. Texaa
Job No 275-23-01 Boring No Ml-9
Logged B« Sim Preston
Approved By
Dril led By 151. Ine n,.».,. M.m. " Preaton

DRILLING AND SAMPLING INFORMATION
Data Started 11-15-87 D«le Completed 11-15-87
Method HuJRotary Total Deoih 5t 5 feet

Screen Dia
Slot Size .
Casing Ola 4-incTTiT

WELL COMPLETION INFORMATION
4-lnch 0 Length. 30 0 feet

Type _I) 010-Inch ?\C
Length. 22 0 fee t

Ul ""
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5 —
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35 —

^

~
40 —

-

45 —

50 ~

-

—

55 ~I

DESCRIPTION

SURFACE ELZVATION

Road till material (1 0')

Cray fine ti medium silty sand
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Ô

S
A

M
P

LE
 1

9

u
a.

S
A

M
P

LE
 

T

SS

z
r _
a ~

° •Hi "~
_* C

54 5

c
Ul
H-

P
O

C
K

E
1

P
E

N
E

T
R

O
M

I
(T

o
n

i/
F

I

_

ca
»-
X
3
O
U

3
0

IT

%
 H

E
C

O
V

E

100

Ul ^

il
X

_

-j
u

t-
tf

2
c

C
O

M
P

LE
T

~_

J-

r-"

~~
-~

:I

:-

««

ft
V

;

'

1

I

r

Ul

R
E

M
A

R
I

SS
S*

SAHPLFH TYPE
DRIVEN SP.IT SPOON CA - CONTINUOUS FLIGHT AUGER
PRESSED SHE. BY TUBE RC - ROCK CORE

BORING METHOD
HSA • HOLLOW STEM A'IGERS DC - DRIVING CASINO
CFA • CONTINUOUS FLIC.HT AUGERS MO - MUO DRILLING

B-71



023713

£K1
A RESOURCE

rii.nl
Prn|«rl Name

Proiecl Location
.Inh No .

Drilled By TS] ,

ENGINEERING COMPANY

ARCO Chemical Company
French Limited Sice
Crosoi , Texai
27^:3-01 Borlnn No «T-10

In: nrlil.r e w.m. R Soenrpr

Sheet _Lol j_

BORING LOG AND CONSTRUCTION
OF ERT-10

DRILLING AND SAMPLING INFORMATION
Dale Starlet? H-14-H7 Data Comolaled I1-14-R7
Malhod ,.

.

Slol Size
Casing Dia

lud Rotarv Tola) Death *q 5 f e e t
WELL COMPLETION INFORMATION
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02371

FRENCH LIMITED
CROSBY, TX

ERT-10 OBSERVATION
ERT-9 PUMPED
DATE: 5/25/88
STATIC WATER LEVEL: 5.35 FEET
PUMPING RATE: 3.22 GPM - 4636.8 BPD (WEIGHTED MEAN)
DISTANCE TO OBSERVATION POINT: 9.00 FEET
TOTAL DEPTH OF WELL: 48.10 FEET
AQUIFER THICKNESS: 48.10 - 5.35 = 42.75 FEET

Time Since
Pumping
Started, t
(minutes)
1.33

Time Since
Pumping
Stopped, t'
(minutes)

Depth
to
Water
(•feet)

Drawdown
(-feet)

Corrected
Drawdown, s'

(feet) Comments
Pump 0-f-f,

4.25
9.25
10.00
10.63
10.97
11.25
12.03
13. 13
13.70
15.40
17.28
21.98
22.42
23.02
23.45
23.98
24.53
25. 17
25.55
25.90
26.35
27.25

2.92 5.95
5.78

5.
6.
6.
6.

5.75
5.80
85
,00
15
,20

6.20
6. 10
5.87

5.85
5.9O
6.00
6.10
6.20

6.30
6.35
6.40

0.60
0.43

0.40
0.45
0.50
0.65
0.80
0.85
0.85
0.75
0.52

0.50
O.55
0.65
0.75
0.85

0.95
1.00
1.05

0.60
0.43

0.40
0.45
0.50
0.65
0.79
0.84
0.84
0.74
0.52

O.5O
O.55
0.65
0.74
0.84

0.94
0.99
1.04

Well Dry

Pump On

Pump 0-f-f

Pump On

Pump Off
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Curve Matching - English units

Site
Pimping well
Obsew, well
PuMping pate

Hatch point
drawdown

Iranswissiv
Storativity

FRENCH
ERI-9
ERI-lfl

4.637E+B3

9.55GE-01
3,866Et02
1.036E-02

CD
ro
JO

F2->Plot Iheis F3->Plot data F4->Hatch F5-)I,S F6->Print F7->End
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Program THCVFIT Version 1.0 IGWMC Indianapolis - Delft

INITIAL DATA:

Site name: FRENCH
Name of pumping well: ERT-9
Name of observation well: ERT-1O

Constant pumping rate Q
Radial distance to observation well...R
Matchpoi nt drawdown SA
Number of response pairs MUM

4636.8 gal/day
9 ft
.9549925 ft
19

AQUIFER-TEST TIME-DRAWDOWN DATA

Time (min) Drawdown (ft) Time (min) Drawdown(ft)

1
3
5
7
9

11
13
15
17

4.25
10.63
11.25
13. 13
15.40
21.98
23.45
24.53
25. '90

0.60
0.40
0.50
0.79
0.84
0.52
0.55
0.74
0.94

2
4
6
8
10
12
14
16
13

9.25
10.97
12.03
13.70
17.28
23.02
23.98
25. 17
26.35

0.43
0.45
0.65
0.84
0.74
0.50
0.65
0.84
0.99

CALCULATED PARAMETERS

Transmissivity TRANS
Storage coefficient STOR

3.S657E+02gal/day/ft
1.0361E-02
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST: May 24, 1988

PUMPED WELL: ERT-23

OBSERVATION WELLS: ERT-23

CONTROL WELLS: none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-23 precede the aquifer test data which follow Prior to purging the
well, the depth to static water level below the top of casing in the well
was measured using an electronic well sounder with accuracy to 01 feet
The well was purged with a pump and water level measurements were taken
with the electric sounder about one or two times per minute until the
submersible pump was shut off at 8 52 minutes after the start of pumping
Recovery measurements were taken for almost 20 minutes following the test
Because of the short duration of the test, only one flow measurement was
taken near the middle of the test using a five-gallon bucket and stop
watch

The drawdown values were corrected using the following correction developed
by Jacob (1963) to allow the solutions for confined aquifers to better
apply to unconfined conditions

s' - s-sZ/2Ho

where. s' - adjusted drawdown
s - measured drawdown and
Ho — initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test.

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon

INTERPRETATION.

Water level measurements were performed only on the pumped well, ERT-23
The adjusted drawdown data from the pumped well were analyzed using the
nonproprietary program JACOBFIT in the PUMPTEST package (Beljin, 1986)
available from the International Ground Water Modeling Center The program
is based on the Cooper and Jacob (1946) approximation of the Theis
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equation. The technique is appropriate for analyses of aquifer tests in
which the dimensionless parameter u - r S/4Tt is less than 0.01:

where r is the radial distance between the pumped well
and observation well (feet),

S is the storage coefficient (unitless)
T is the transmissivity (ft /day), and
t is the time since pumping started (days).

The parameter "u" is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale
The change in drawdown over one log cycle of time is used to calculate
transmissivity The JACOBFIT program allows the user to interactively
specify which data are to be used in fitting the straight line The
recovery data were analyzed using a second IGWMC program called RECOVERY
(Beljin, 1986) based upon the Theis (1935) recovery method. The RECOVERY
program allows the user to interactively specify which data are to be used
in fitting the straight line.

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate is
7133 gpd/ft using the drawdown data and 8420 gpd/ft using the recovery
data The average hydraulic conductivity was determined to be 8 4x10
cm/sec and 9 9x10 cm/sec, respectively for the drawdown and recovery
results. The storage coefficient could not be determined from the single
well test. The results of this analysis are attached

The results of the test are considered reasonable given the good comparison
between the drawdown and recovery results and the relatively high specific
capacity It is likely that the initial pumping rate is representative of
the entire pumping period because of the limited drawdown in the pumped
well Well bore storage effects were significant for only the first 1 35
minutes of pumping The time when well bore effects were no longer
significant was calculated using the method of Schafer (1978) described in
section B-2 1 and shown below

tc - 0.6(16-1)/(11.26/1.93*) - 1.35 minutes

* drawdown interpolated at 1 33 minutes into the test

Consequently, the drawdown data for the first 1.35 minutes should not be
used for interpretation. Likewise, the first 1.35 minutes of the recovery
data should not be used.
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A RESOURCE ENGINEERING COMPANY

Sheet i_ol '

BORING LOG AND CONSTRUCTION
OF ERT-23

riLnl

Protect Localior
Job No
\ ogg«d "y

Drilled By

APCO Chemical Comnant

i Cro*b . Texas
275-23-01 Boring No ERT-2^
Steve Preston

PSl Inc niiii.r « warn. R Snencrr

DRILLING AND SAMPLING INFORMATION

Method Mud Rotir\

Screen Oia _
Slot Size
Casing Dia _

Total Denth ftO.O fut

WELL COMPLETION INFORMATION
4- Inch 9 Lenalh 40 0 feet
0 010-inrh
4-inch 9

Type
Lenglh-

p\r
15 0 lec t

0 Z

15 —

20 —

~

-5 -r

35 —

50 J.

55

;

DESCRIPTION

SURI ACE E L E V A T I O N

Dark brown clay, gravel and glass pieces with trash material
(Fill Bwterlal)

(8 0')
Dark brovn ««ndy clay with gravel (C_)

(10 0')
Medium dens« light gra> fine to medi^<a sand with occasional

gr ivtl (SI1)

':: OM
St-llf Uto.n c^i> uitli occnsslonal j,i i%el (CH)

- Olije gra ind brovm from 29 0*

(33 O1)
St i f f grav anc red siltv cla) I.CL)

(34 8')
Li|,ht grav sllty fine sand to fine s ^ n d (SM-SP)

- Cray and red clay layer from 44 0' to 44 2'

flT" »J$ o'
- 1-lnch silt layers (w»m f i f l i f l ' te Si 0*

- Red i la\ pockets and partings from £5 0'

(57 OM
Very si iff red and gra> clay with sl.t pockets (Ul)
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0237*1

FRENCH LIMITED
CROSBY, TX
WELL ERT-23

DATE: 5/24/88
STATIC WATER LEVEL: 6.52 FEET
PUMPING RATE: 11.26 GPM
DISTANCE TO OBSERVATION POINT: 1 FOOT
TOTAL DEPTH OF WELL: 58.76 FEET (SOUNDED)
AQUIFER THICKNESS: 58.76 - 6.52 = 52.24 FEET

Time Since
Pumping
Started, t
(minutes)

0.07
0.45
2.20
2.82
4. 13
5. 13
6.40
8.52
9.00
9 . 33
10.05
10.67
11.45
13.25
16.73
26.85

Time Since
Pumping
Stopped, t'
(minutes)

0.48
0.82
1.53
2. 15
2.93
4.73
8.22
18.33

Depth
to
Water
(•feet)
7.0
8.0
8.45
8.50
8.55
8.60
8.65

7.00
6.90
6.80
6.75
6.70
6.65
6.60
6.55

Drawdown
(-feet)
0.48
1.48
1.93
1.98
2.03
2.08
2. 13

0.48
0.3S
0.28
0.23
0. 18
0. 13
0.08
0.03

Corrected
Drawdown , s '

(•feet)
0.48
1.46
1.89
1.94
1.99
2.04
2.09

0.48
0.38
0.28
0.23
0. 18
0. 13
0.08
0.03

Comments

5g/26.65 si

Pump Of-f
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*#*#***####*#*#*#*##**####*#*#**#*#*****#*##**#*#******
* *
* program: Recovery *
* version: IBM PC 1.0 *
* *
* A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S *
« FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD. *
* *

PROJECT.,
LOCATION.
WELL
DATE

FRENCH LIMITED
CROSBY, TX
ERT-23
5/24/88

STATIC WATER LEVEL S.W.L.
DISCHARGE RATE
DURATION OF PUMPING PERIOD...

• 6.52 Eft]
= 11.26 Cgpm]
- 8.520001 Colin]

NO TIME fCmin] TIME t Cmin] t/f DRAWDOWN s'C-Ft] DEVIATION

1
2
3
4
5
6
7
8

0.48
0.82
1.53
2. 15
2.93
4.73
8.22
18.33

9.00
9.34
10.05
10.67
11.45
13.25
16.74
26.85

18.75
1 1 . 39
6.57
4.96
3.91
2.80
2.04
i.46

0.480
0.380
0 . 280
0 . 230
0. ISO
0. 130
0.080
0 , 030

+ . OOOE+OO
+.OOOE+00
+.OOOE+00
+.580E-02
-.315E-03
+.701E-03
-.439E-03
+.541E-04

TRANSMISSIVITY T =
T =

. 130E-01 C-Ft2/s3
8420 Lgpd/-ft:]

DATA SEGMENT ANALYZED :
- starting with data pair 5
- ending with data pair 8

DETERMINATION COEFFICENT = .9999377
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST: May 24, 1988

PUMPED WELL. ERT-24

OBSERVATION WELLS. ERT-24

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-24 precede the aquifer test data which follow Prior to purging the
well the depth to static water level below the top of casing in the well
was measured using an electronic well sounder with accuracy to 01 feet
The well was purged with a pump and water level measurements were taken
with the electric sounder about one or two times per minute until the
submersible pump was shut off at nine minutes after the start of pumping
Recovery measurements were taken for about two hours following the test
Because of the short duration of the test, only one flow measurements was
taken near the middle of the test using a five-gallon bucket and stop
watch

The drawdown values were corrected using the following correction developed
by Jacob (1963) to allow the solutions for confined aquifers to better
apply to unconfined conditions

s' - s-s2/2Ho

where s' - adjusted drawdown
s - measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test.

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon.

INTERPRETATION:

Water level measurements were performed on the pumped well, ERT-24. The
adjusted drawdown data from the pumped well were analyzed using the
nonproprietary program JACOBFIT in the PUMPTEST package (Beljin, 1986)
available from the International Ground Water Modeling Center The program
is based on the Cooper and Jacob (1946) approximation of the Theis
equation. The technique is appropriate for analyses of aquifer tests in
which the dimensionless parameter u - r S/4Tt is less than 0 01.

B-85



t -t

where r is the radial distance between the pumped well
and observation well (feet),

S is the storage coefficient (unitless)
T is the transmissivity (ft /day), and
t is the time since pumping started (days)

The parameter "u" is less than 0.01 when the radial distance to the
observation well is small or when the time of pumping is long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale
The change in drawdown over one log cycle of time is used to calculate
transmissivity The JACOBFIT program allows the user to interactively
specify which data are to be used in fitting the straight line The IGWMC
program RECOVERY (Beljin, 1986) based upon the Theis (1935) recovery method
was used to analyze the recovery data The RECOVERY program allows the
user to interactively specify which data are to be used in fitting the
straight line.

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate is
2448 gpd/ft using the drawdown data and 2922 gpd/ft using the recovery
data The average hydraulic conductivity was determined to be 3 3x10
cm/sec and 3 9x10 cm/sec respectively for the drawdown and recovery
results The storage coefficient could not be determined from the single
well test The results of this analysis are attached

The results of the test are considered reasonable given the good comparison
between the drawdown and recovery results and the relatively high specific
capacity It is likely that the initial pumping rate is representative of
the entire pumping period because of the limited drawdown in the pumped
well Well bore storage effects were significant for only the first five
minutes of pumping The time when well bore effects were no longer
significant was calculated using the method of Schafer (1978) described in
section B-2.1 and shown below

tc - 0.6(16-1)/(10 75/6 03*) - 5 05 minutes

* drawdown interpolated at 5 minutes into the test

Consequently, the drawdown data for the first five minutes should not be
used for interpretation. Likewise, the first five minutes of the recovery
data should not be used.
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ERT
A RESOURCE ENGINEERING COMPANY

Sheet J_ ol _l_

BORING LOG AND CONSTRUCTION
OF ERT-24

CMCHItlA
Ea.g»irt+

Client _
Proiect
Protect Lnrannn CjleC gV , TF* A£
job No ?75-g3-oi
Logged By_SJJti

Boring No tAT-2.4

Approved By gt>«-i Ptvrci
Dulled By t-*^f enA*r T>I»H UKI&. Orlllar i Namt_Jifl_Xl

PRILLING AND SAMPLING INFORMATION
Data Starlet! 12-30-87 Dale Completed 12-31-B7
Method Mud Bnf-irv Total Oanlh 3fl n tree

WELL COMPLETION INFORMATION
Screen Ola 4-inch 8 Length 35 0 feet
Slot Size 0 010-lneh
Casing Dta 4-tn.ch 9

Type. PVC

Length _i5_°_

_ K

ts
i"
0 Z

^5 i

=

-

10 -j

-

; :D 3̂-
-

5 _

^

0
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•5

40 _

45 _

50 _
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DESCRIPTION

SUFI! ACE ELEVATION

Dark gra) fine to medium ailty sand with roots (SH)

"rdiuit densr light olive gra> fine to nedlam clayev sand gllghtU

"'c> CsO
(U O1)

'ediv.ii den«e light gn> fine to coarse snntl (wet/freable) (SP)

Cl 0")

or si. f RT i\ cli\ C C H 1

(33 0')

111, 'it fn\ and tan cla\F> silt with clay pockets and partings (MI)

- Inc casing ela> content from 40 O'

(46 0')
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023750

FRENCH LIMITED
CROSBY, TX
WELL ERT-24

DATE: 5/24/88
STATIC WATER LEVEL: 3.80 FEET
PUMPING RATE: 10.75 6PM
DISTANCE TO OBSERVATION POINT: 1 FOOT
TOTAL DEPTH OF WELL: 45.9 FEET (SOUNDED)
AQUIFER THICKNESS: 45.9 - 3.80 = 42.1 FEET

Time Since
Pumping
Started,!
(minutes)
0.71
1.71
3.31
3.63
4. 11
4.73
5.66
6.78
7.98
9.00
9.23
9.38
9.66
9.96
10.05
10. 13
10.26
10.40
10.56
10.78
11.05
1 1 . 40
11.88
12.38
12.75
13.20
13.66
14.28
15.13
16.05
17.18
18.51
20.28
22.65
129.75

Time Since
Pumping
Stopped, t'
(minutes)

0.23
0.38
0.67
0.97
1.05
1. 13
1.27
1.40
1.57
1.78
2.05
2.40
2.88
3.38
3.75
4.20
4.67
5.28
6.13
7.05
8.18
9.52
11.28
13.65
120.75

Depth
to
Water
(feet)
8.00
9.00
9.50
9.60
9.70
9.80
9.90
10.00
10. 10

8.00
7.00
6.00
5.50
5.40
5.30
5.20
5. 10
5.00
4.90
4.80
4.7O
4.60
4.50
4.45
4.40
4.35
4.30
4.25
4.20
4.15
4.10
4.05
4.00
3.84

Drawdown
(•Feet)
4.20
5.20
5.70
5.80
5.9O
6.00
6. 10
6.20
6.30

4.20
3.20
2.20
1 . 70
1.60
1.50
1.40
1.30
1.20
1. 10
1.00
0.90
0.80
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.04

Corrected
Drawdown, s'

(•feet) Comments
3.99
4.88
5.31
5.40
5.49 5 gal/27.9 sees
5.57
5.66
5.74
5.83

Pump Off
3.99
3.08
2. 14
1.67
1.57
1.47
1.38
1.28
1. 18
1.09
0.99
0.89
0.79
0.69
0.64
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.04
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023732 ******************#******************#*****************
* *

program:
version:

JacobFit
IBM PC 1.0* version: IBM PC 1.0 *

* *
* A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S *
* FORM OF THE IS EQUATION AND LEAST SQUARES' METHOD. *
* *
#*#****#*******#*********#**#*************#************

PROJECT - FRENCH LIMITED
LOCATION = CROSBY, TX
WELL - ERT-24
DATE = 5/24/88

STATIC WATER LEVEL S.W.L.
DISCHARGE RATE =
DISTANCE OF OBSERVATION POINT -

3.8
10.75 Cgpm]
1 C-ft3

NO

1
2
3
4
5
6
7
B
9

TIME CminD DRAWDOWN Eft: u DEVIATION

0.71
1.71
3.31
3.63
4. 11
4.73
5.66
6.78
7.98

3.990
4.880
5.310
5.40O
5.490
5.570
5.660
5.740
5.830

. OOOE+00

. OOOE+00

. OOOE+00

. 203E-04

. 102E-04

. SS2E-05

. 737E-05

.615E-05

. 523E-05

+. OOOE+00
+. OOOE+00
+ . OOOE+00
-. 168E-01
-.452E-02
+.47SE-02
+.447E-02
-.637E-02
+. 164E-02

TRANSMISSIVITY T = .379E-02 Cft2/s]
T = 2448 Cgpd/-Ft]

STORATIVITY S = .379E-04

DATA SEGMENT ANALYZED :
- starting with data pair 5
- ending with data pair 9

DETERMINATION COEFFICENT .9985399
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023734
*******************************************************
* *
* program: Recovery *
* version: IBM PC 1 . 0 *
* *
* A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S *
* FORM OF THE IS EQUATION AND LEAST SQUARES' METHOD. *
* *
*******************************************************

PROJECT. = FRENCH LIMITED
LOCATION = CROSBY, TX
WELL = ERT-24
DATE = 5/24/88

STATIC WATER LEVEL S.W.L. = 3.8 Cft3
DISCHARGE RATE - 10.75 Cgprn]
DURATION OF PUMPING PERIOD... = 9 Cmin]

NO TIME t'Cmin] TIME t Cmin] t/t ' DRAWDOWN s'C-ftD

1 0.23 9.23 40.13 3.990
2 0.38 9.38 24.68 3.080
3 0.67 9.67 14.43 2.140
4 0.97 9.97 10.28 1.670
5 1.05 10.05 9.57 1.570
6 1.13 10.13 8.96 1.470
7 1.27 10.27 8.09 1.380
8 1.40 10.40 7.43 1.280
9 1.57 10.57 6.73 1.180
10 1.78 10.78 6.06 1.090
11 2.05 11.05 5.39 0.990
12 2.40 11.40 4.75 0.890
13 2.88 11.88 4.13 0.790
14 3.38 12.38 3.66 0.690
15 3.75 12.75 3.40 0.640
16 4.20 13.20 3.14 0.600
17 4.67 13.67 2.93 O.55O
18 -5.28 14.28 2.7O 0.500
19 6.13 15.13 2.47 0.450
20 7.05 16.05 2.28 0.400
21 8.18 17.18 2.10 0.350
22 9.52 18.52 1.95 0.300
23 11.28 20.28 1.80 0.250
24 13.65 22.65 1.66 0.200
25 120.75 129.75 1.07 0.040

DEVIATION

+ . OOOE+00
+. OOOE+00
+. OOOE+00
+ . OOOE+00
+ . OOOE+00
+. OOOE+00
+. OOOE+00
+.793E-01
+.646E-01
+.430E-01
+. 182E-01
-. 143E-03
- . 903E-02
-.323E-01
-.342E-01
-.234E-01
-.275E-01
-.264E-O1
-. 173E-O1
-. 151E-01
-. 131E-O1
+. 149E-O1
-. 189E-02
-. 181E-01
+.510E-02

TRANSMISSIVITY T = .452E-02 Cft2/s3
T - 2922 Cgpd/-ftD

DATA SEGMENT ANALYZED :
- starting with data pair 22
- ending with data pair 25

DETERMINATION COEFFICENT - .9848253
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST: May 24, 1988

PUMPED WELL. ERT-25

OBSERVATION WELLS. ERT-25

CONTROL WELLS: none

BACKGROUND AND DESCRIPTION OF TEST:

Lithologic and completion logs and an illustration of the location of well
ERT-25 precede the aquifer test data which follow Prior to purging the
well, the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to 01
feet The well was purged with a submersible pump and water level
measurements were taken with the electric sounder about two or three times
pel minute starting at 1 9 minutes into the test until the pump was shut
off at 8 58 minutes after the start of pumping Recovery measurements were
taVen for over three hours following the test Because of the short
duration of the test, only one flow measurement was taken near the middle
of the test using a five-gallon bucket and stop watch

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions.

s' - s-s2/2Ho

where s' - adjusted drawdown
s — measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon.

INTERPRETATION:

Water level measurements were performed on the pumped well, ERT-25 The
adjusted drawdown data from the pumped well were analyzed using the
nonproprietary program JACOBFIT in the PUMPTEST package (Beljin, 1986)
available from the International Ground Water Modeling Center. The program
is based on the Cooper and Jacob (1946) approximation of the The is
equation. The technique is appropriate for analyses of aquifer tests in
which the dimensionless parameter u - r S/4Tt is less than 0 01.
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where r is the radial distance between the pumped well
and observation well (feet),

S is the storage coefficient (unitless)
T is the transmissivity (ft /day), and
t is the time since pumping started (days).

The parameter "u" is less than 0.01 when the radial distance to the
observation well is small or when the time of pumping is long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale
The change in drawdown over one log cycle of time is used to calculate
transmissivity The JACOBFIT program allows the user to interactively
specify which data are to be used in fitting the straight line. The IGWMC
program RECOVERY (Beljin, 1986) based upon the Theis (1935) recovery method
was used to analyze the recovery data. The RECOVERY program allows the
user to interactively specify which data are to be used in fitting the
straight line

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate is
509 gpd/ft. using the drawdown data and 1554 gpd/ft using the recovery
data The average hydraulic conductivity was determined to be 6 0x10
cm/sec, and 1.8x10" cm/sec, respectively for the drawdown and recovery
results The storage coefficient could not be determined from the single
well test The results of this analysis are attached

The results of the recovery test are considered fair given that only two of
the recovery data points were outside the significant influence of well
bore storage Also the recovery response would be less sensitive to
possible fluctuations in pumping rate The relatively poor comparison
between the drawdown and recovery results is apparently due to the
influence of well bore storage on the drawdown response Given that the
relatively large drawdown in the pumped well, it is possible that the
actual flows may have declined near the end of pumping Consequently, the
measurement which was taken during the middle of the test may be somewhat
higner that the average for the entire pumping period which would result in
a slight overestimation of transmissivity

Well bore storage effects were significant for the entire pumping period
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in section B-2.1 and shown
below.

tc > 0.6(16-1)/(11.76/31.56*) - 24.2 minutes

* drawdown at end of pumping rather than at time tc which is beyond
the end of pumping

Consequently, the drawdown data for the entire test should not be used for
interpretation. Likewise, since tc is greater than 24.2 minutes, only the
last two recovery data points are in the range where well bore influences
are minimal.
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0217^9

FRENCH LIMITED
CROSBY, TX
WELL ERT-25

DATE: 5/24/88
STATIC WATER LEVEL: 6.44 FEET
PUMPING RATE: 11.76 GPM
DISTANCE TO OBSERVATION POINT: 1 FOOT
TOTAL DEPTH OF WELL: 44.55 FEET (SOUNDED)
AQUIFER THICKNESS: 44.55 - 6.44 = 38.11 FEET

Time Sines
Pumping
Started, t
(minutes)

1 . 90
2. 13
2.38
2.35
3.1?
3.45
4 . 03
4.40
4.73
5. 13
5,4C-:
5.85
6.31
..-. .•":;
7 . 25
7.30
8.40
3.58
9.67
9.77
9.83
9.93
10.02
10. 12
10.22
10.32
10.43
10.50
10.57
10.63
10.70
10. 77
10.83
10.92
11.00
11.06
11. 17
11.28

Time Since
Pumping
Stopped, t'
(minutes)

l.OS
1. 18
1.25
1.35
1.43
1.53
1.63
1.73
1.85
1.92
1.98
2.05
2. 12
2. 18
2.25
2.33
2.42
2.50
2.58
2.70

Depth
to
Water
(•Feet)
21.00
22.00
23.00
24.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33 . 00
34.00
35.00
36.00
37.00
38.00

26. OO
25.00
24.00
23.00
22.00
21.00
20.00
19.00
18.00
17.50
17.00
16.50
16.00
15.50
15.00
14.50
14.00
13.50
13.00
12.50

Drawdown
(•feet)
14.56
15.56
16.56
17,56
19.56
2O. 56
21.56
22.56
23.56
24.56
25.56
26.56
27 . 56
2S.56
29 . 56
30.56
31.56

19.56
18.56
17.56
16.56
15.56

' 14.56
13.56
12.56
11.56
11.06
10.56
10.06
9.56
9.06
8.56
8.06
7.56
7.06
6.56
6.06

Corrected
Drawdown, s'

(•feet) Comments
11.78
12.38
12.96
13.51
14.54.
15.01
15.46
15.88 5 gal/25.5 <sec
16.28
16.65
16.99
17.30
17.5V
17. 86
18. 10
13.31
18.49

Pump Off
14.54
14.04
13.51
12.96
12.38
1 1 . 78
11. 15
10.49
9.81
9.46
9. 10
8.73
8.36
7.98
7.60
7.21
6.81
6.41
6.00
5.58
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023740

ERT-25 PAGE 2

Time Since
Pumping
Started, t
(minutes)
11.38
1 1 . 50
11.62
1 1 . 75
11.92
12. 13
12.40
12.82
13.50
14.95
19.82
22.58
24.42
2i3. 10
44.38
162.98

Time Since
Pumping
Stopped , t '
(minutes)

2.80
2.92
3.03
3. 17
3.33
3.55
3.82
4.23
4.92
6.37
ll'. 23
14.00
15.33
17.52
35.80
174.40

Depth
to

Water
(-feet)
12.00
11.50
1 1 . 00
10.50
10.00
9.50
9.00
8.50
8.00
7 . 50
7.00
6.90
6,85
6.80
6.64
6.55

Drawdown
(•feet)
5.56
5.06
4.56
4.06
3.56
3.06
2.56
2.06
1.56
1.06
0.56
0.46
0.41
0.36
0.20
0. 11

Corrected
Drawdown, s'

(feet) Comments
5. 15
4.72
4.29
3.84
3.39
2.94
2.47
2.00
1.53
1 . 05
0.56
0.46
0.41
0 . 36
0.20
0. 11
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02374?

*
*
*

program:
version:

JacobFi t
IBM PC 1.0

#
*
*
#

* A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
* FORM OF THE IS EQUATION AND LEAST SQUARES' METHOD.
*

LOCATION =
WELL =
DATE =

STATIC WATER LEVEL
DISCHARGE RATE

1 1 \I~11WI 1 1*. J. 1 IX 1 L_«

CROSBY, TX
ERT-25
5/24/88

S.W.L. _

DISTANCE OF OBSERVATION POINT -

NO TIME Cmin:

1 1 . 90
2 2. 13
3 2.38
4 2.85
5 3.17
6 3.45
7 4.03
8 4.40
•? 4.73
10 5. 13
1 L 5.48
12 S.3LJ
13 6.32
14 6.75
15 7.25
16 7.80
17 8.4O

DRAWDOWN L-ft:

1 1 . 780
12.350
12.960
13.510
14,540
15,010
15.460
15.880
16,280
16.65O
16.990
17,300
17.590
17.860
18. 100
18.310
18.49O

J

6.44 C-ft]
11. 76 C gpfflD
i eft:

Ul

. OOOE+00

. OOOE+00

. OOOE+00

. OOOE+00

. OOOE+00

. OOOE+00
, OOOE+00
. OOoE+00
. OOOE+00
. OOOE+OO
. oooe+oo
„ OOOE+OO
. OOOE+00
. 113E-02
. 603E-03
. 56OE-O3
. 520E-O3

DEVIATION

+. OOOE+00
+„ OOOE+00
+. OOOE+00
+ . OOOE+00
+. OOOE+00
+. OOOE+00
+.OOOE+OO
+, OOOE+OO
+ . OOOE+00
+ ,. OOOE+00
+ ,.OOOti+('!0
i-. OOOE+00
+. OOOE+00
-. 171E-01
-.549E-02
+. 1O9E-O1
-.538E-02

TRANSMISSIVITY T -
T =

STORATIVITY S •

.787E-03 C-ft2/s3
509 Lgpd/-ft3

.826E-03

DATA SEGMENT ANALYZED :
- starting with data pair 15
- ending with data pair 17

DETERMINATION COEFFICENT - .9980304
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0237-11-**
*
#
*
*
*

program:
version:

Recovery
IBM PC 1.0

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD.

#

*#

*
*
*

LOCATION = CRDRRV. TX
WELL
DATE

STATIC

, - ERT-25
, = 5/7 A /BB

WATER LEVEL S.W.L.
DISCHARGE RATE -
DURATION OF PUMPING PERIOD. . . =

NO TIME t'Cmin: TIME t CminD

1
2
3
4
5
6
7
8
9
10
11
12
13
14
llri
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

1.08
1. 18
1.25
1.35
1 . 43
1 . 53
1 . 63
1 . 73
1.85
1.92
1.98
2.05
2. 12
2. 18
2.25
2.33
2.42
2.50
2.53
2.7O
2.80
2.92
3.03
3. 17
3.33
3.55
3. 82
4.23
4.92
6.37
11.23
14.00
15.83
17.52
35.80
174.40

TRANSMISSIVITY T = .

T -

9.66
9.76
9.83
9.93

1O.01
10. 11
10.21
10.31
10,43
10.50
10.56
10.63
10.70
10, 76
10.83
10.91
1 1 . 00
1 1 . 08
11. 16
1 1 . 28
11.38
1 1 . 50
11.61
1 1 . 75
11.91
12. 13
12.40
12.81
13.50
14.95
19.81
22.58
24.41
26. 10
44.38
182.98

6.44
1 1 . 76
8.58

t/t '

8.94
8.27
7.86
7.36
7.00
6.61
6.26
5.96
5-64
5.47
5.33
5. 19
5.05
4.94
4,81
4.68
4.55
4.43
4.33
4. 18
4.06
3.94
3.83
3.71
3.58
3.42
3.25
3.03
2.74
2.35
1.76
1.61
1.54
1.49
1.24
1.05

CftD
E gpinll

Cmi nD

DRAWDOWN s'C-ft]

1 4 . 540
14.040
13.510
12.960
12.380
1 1 ., 78O
11, 150
10.490
9.810
9.460
9. 100
3.730
8 . 360
7 . 980
7,600
7.210
6.810
6.410
6.OOO
5.580
5. 150
4.720
4.290
3.840
3.390
2.940
2.470
2.000
1.530
1.050
0.560
0.460
0.410
0.360
0.200
0. 110

DEVIATION

+ . OOOE+00
+. OOOE+OO
+. OOOE+OO
+. OOOE+00
+. OOOE+OO
+ .OOOEf»J<>
+. OOOE+OO
+ .OOOE+0'.1

+ . OOOE+OO
+.OOOE+OC
*.OOOE+Oi.'
+ .000£-"00
+ . ooori-ro-;-
+ -. CO»;6. f-0:'-
+ . OoCli+Ct,
+ .GOOE-.-00
+. oooe+oo
+ . OOOE+OO
+. OOOE+OO
+ .OOOE-rOO
+ . OOOE+OO
+. OOOE+OO
+ .OOOE---00
+ „ OOOE+OO
+. OOOE+OO
+. OOOE+OO
+. OOOE+OO
+. OOOE+OO
+. OOOE+OO
+. 107E+00
+.271E-01
+.479E-02
-.625E-02
- . 263E-0 1
-.270E-01
+.277E-01

240E-02 C-ft2/s3
1554 Cqpd/ft:

DATA SEGMENT ANALYZED B-103



_ - ending with data pair 36
023745

DETERMINATION COEFFICENT = .9766831

********#####****##*****#**###**************#*#*#*****
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023746

FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST: May 24, 1988

PULPED WELL ERT-26

OBSERVATION WELLS ERT-26

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-26 precede the aquifer test data which follow Prior to purging the
well the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to 01
feet The well was purged with a submersible pump and water level
measurements were taken with the electric sounder about one to three times
pei minute until the pump was shut off at 8 1 minutes after the start of
pumping Recovery measurements were taken for almost 3 5 hours following
the test Because of the short duration of the test, only one flow
mecsureraent was taken near the middle of the test using a five-gallon
bucket and stop watch

The drawdown values were corrected using the following correction developed
by Jacob (1963) to allow the solutions for confined aquifers to better
apply to unconfined conditions

s' - s-s2/2Ho

where s1 - adjusted drawdown
s - measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon

INTERPRETATION-

Water level measurements were performed on the pumped well, ERT-26 The
adjusted drawdown data from the pumped well were analyzed using the
nonproprietary program JACOBFIT contained in the PUMPTEST package (Beljin,
1986) available from the International Ground Water Modeling Center The
program is based on the Cooper and Jacob (1946) approximation of the Theis
equation The technique is appropriate for analyses of aquifer tests in
which the dimensionless parameter u - r2S/4Tt is less than 0 01
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0237*7

where r is the radial distance between the pumped well
and observation well (feet),

S is the storage coefficient (unitless)
T is the transmissivity (ft /day), and
t is the time since pumping started (days)

The parameter "u" is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale
The change in drawdown over one log cycle of time is used to calculate
transmissivity The JACOBFIT program allows the user to interactively
specify which data are to be used in fitting the straight line The
program RECOVERY (Beljin, 1986) based upon the Theis (1935) recovery method
was used to analyze the recovery data The RECOVERY program allows the
user to interactively specify which data are to be used in fitting the
straight line

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate is
364 gpd/ft using the drawdown data and 1264 gpd/ft using the recovery
data The average hydraulic conductivity was determined to be 4 3x10
cm/sec and 1 5x10" cm/sec respectively for the drawdown and recovery
results The storage coefficient could not be determined from the single
well test The results of this analysis are attached

The results of the recovery test are considered fair given that only two of
the recovery data points were outside the significant influence of well
bore storage The relatively poor comparison between the drawdown ana
recovery results is apparently due to the influence of well bore storage on
the drawdown response Also the recovery response would be less,
sensitive to possible fluctuations in pumping rate Given that tne
relatively large drawdown in the pumped well, it is possible that the
actual flows may have declined near the end of pumping Consequently, the
measurement which was taken during the middle of the test may be somewhat
higher that the average for the entire pumping period which would result in
a slight overestimation of transmissivity

Well bore storage effects were significant for the entire pumping period
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in section B-2 1 and shown
below

tc > 0.6(16-1)/(11 54/21 55*) - 16 8 minutes

* drawdown at end of pumping rather than at time tc which is beyond
the end of pumping

Consequently, the drawdown data for the entire test should not be used for
interpretation. Likewise, since tc is greater than 16 8 minutes, only the
last two recovery data points are in the range where well bore influences
are minimal
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FRENCH LIMITED
CROSBY, TX
WELL ERT-26

DATE: 5/24/88
STATIC WATER LEVEL: 4.45 FEET
PUMPING RATE: 11.54 SPM
DISTANCE TO OBSERVATION POINT: 1 FOOT
TOTAL DEPTH OF WELL: 49.4 FEET (SOUNDED)
AQUIFER THICKNESS: 49.4 - 4.45 = 44.95 FEET

Time Since
Pumping
Started, t
(minutes)
0. 18
0.98
1.52
2.02
2.20
3.57
3.93
4. 17
4.35
4.63
5.27
6. 1.8
6.5i:
6.̂ 3
7.2S
7,82
8.10
9.52
9.66
9.90
10.07
10.25
10.50
10.70
11.08
11.40
11.78
12.33
13.02
13.90
14.52
15.35
16.42
17.72
19.48
80.63
216.77

Time Since
Pumping
Stopped, t'
(minutes)

1.42
1.58
1.80
1.97
2. 15
2.40
2.60
2.98
3.30
3.68
4.23
4.92
5.80
6.42
7.25
8.32
9.62
11.38
72.53
208.67

Depth
to
Water
(•feet)
10.43
12.00
14.00
15.50
16.00
19.00
20.00
20.50
21.00
21,50
22.50
19.55
24.50
25.00
25.50
26.00

1 1 . 00
1 0 . OO
9.00
3.50
8.00
7.50
7.00
6.75
6.50
6.25
6.00
5.80
5.60
5.50
5.40
5.30
5.20
5.10
4.65
4.59

Drawdown
(-feet)
5.98
7.55
9.55
1 1 . 05
1 1 . 55
14.55
15.55
16.05
16.55
17.05
18.05
15.30
2O. 05
20.55
21.05
21.55

6.55
5.55
4.55
4.05
3.55
3.05
2.55
2.30
2.05
1.80
1.55
1.35
1. 15
1.05
0.95
0.85
0.75
0.65
0.20
0. 14

Corrected
Drawdown , s '

(•feet) Comments
5.58
6 . 92
8.54
9.69
10.07
12.20 5 gal/ 26 sec
12.86
13. 18
13. -50
13.82
14.43
15.30
15.58
15.35
16. 12
16.38

Pump 0-f-f
6.07
5.21
4.32
3.87
3.41
2.95
2.48
2.24
2.00
1.76
1.52
1.33
1. 14
1-. 04
0.94
0.84
0.74
0.65
0.20
0. 14

B-109



EflT-26 MAHMHH
10, MM

i c an15. 00

d» < n nnP 12. 00
a
w
d n nn9,00

£ o
w
_ / nnn 6,00

f
t l nn

3,B0

n nn

-
-

M

M

*

•

m

•

—

4
•

M

I*

,;

v1

P

_<
'Li'

—

¥

s$Tim

$

1E-01

FILE: ERT26D.DAT

urn
t ine

1E+61 1E+82

ro



02S79S
*
*
*
*
*
*

program:
version:

JacobFit
IBM PC 1.0

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
FORM OF THE IS EQUATION AND LEAST SQUARES' METHOD.

#
*
*
*
*
*
#

LOCATION =
WELL =
DATE =

STATIC WATER LEVEL
DISCHARGE RATE

I I ̂k-l'lul I l_ J. I I J. I ^J

CROSBY, TX
ERT-26
5/24/88

S.W.L.
........... =

DISTANCE OF OBSERVATION POINT =

NO TIME [mini

'l 0.18
2 0.98
3 1.52
4 2.02
5 2.20
6 3.57
7 3.93
3 4. 17
? 4 . 35
10 4.63
11 5.27
12 6. 18
13 6.S2
14 fo.93
15 7.28
16 7.82

DRAWDOWN C-ftD

5.580
6.920
8.540
9.690
10,070
12.200
12.860
13. 180
1 3 . 500
13.820
14.430
15.300
15,580
15.850
16. 120
16.380

Irf

4.45 C-Ft3
1 1 . 54 Cgpm3
1 C-FfJ

Ll

. OOOE+OO

. OOOE+OO

. OOOE+00

. OOOE+00

. OOOE+OO

. OOOE+OO

. OOOE+OO

.418E-01

.4OOE-O1

. 376E-0 1

.331E-U1

. 282E-0 1

.267E-01

.251E-01

. 667E-02

.621E-02

DEVIATION

+. OOOE+OO
+. OOOE+OO
+. OOOE+OO
+. OOOE+OO
+. OOOE+OO
+ . OOOE+OO
+ . OOOE+OO
-. 743E-01
+ .30I.E-01
+-.31 9E-0 1
-. 186E-01
+.3a^E-Ol
+,457E-01
+.464E-02
+.973E-04
- . 992E-04

TRANSMISSIVITY T = .563E-03 Cft2/s3
T = 364 Cgpd/ft]

STORATIVITY S = .656E-02

DATA SEGMENT ANALYZED :
- starting with data pair 15
- ending with data pair 16

DETERMINATION COEFFICENT - 1.000985
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02175*1 it******************************************************
* *
* program: Recovery *
* version: IBM PC 1.0 *
* *
* A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S *
* FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD. *
* *
********************#*####**#****#**********#**********

LOCATION
WELL
DATE

- CROSBY, TX
= ERT-26
= 5/24/BS

STATIC WATER LEVEL
DISCHARGE
DURATION

NO TIME

1
2
3
4
er

6
7
8
9
10
11
1.2
1'5
i -'•••
15
16
17
18 1

RATE
OF PUMPING

S.W.L. _

PERIOD... =

t'CminD TIME t llminD

1.42
1.58
1.80
1 . 97
2. 15
2.40
2.60
2.98
3.30
3,68
4.23
4.92
5.80
6, 42
7.25
8.32
9.62
1.38

19 72.53
20 208.67

9.52
9 . 68
9.90
10.07
10.25
10.50
10.70
1 1 . 08
1 1 . 4(..)
1 1 , 78
1 2 . 33
13.02
13.90
3. 4 . 52
1 f5 . 35
16.42
17.72
19.48
80.63
216.77

4.45 1
11.54

[ft]
Ccrnm]

8.1 Crnin]

t/t '

6.70
6. 13
5.50
5, 11
4.77
4.38
4. 12
3.72
3.45
3 . 2O
2.91
2.65
2.40
2 . 26
2. 12
i . 97
1.84
1.71
1.11
1.04

DRAWDOWN s'C-ft]

6.070
5.210
4.320
3.870
3,410
2,950
2.480
11.240
2 . OOO
i . 760
i , 520
!. . 330
1 . 1 40
! , V.-4O
O . l/40
0.840
0.740
0 , 650
0 . 2OO
0. 140

DEVIATION

+= 155E+01
+ .955E---00
+ . 37SÊ -00
+. 140E+00
--- 1 it:E>O</

-. 3- 2 9 1£ -*•.>.'
-. oJ2fc>OO
-, Se/t-i-OO
••-, .fJ7'4£-*-i.-'..-
- , .;3i3i7l >,
- , 5132 hi.-' ••• ^
-.. **i 1&- "'.!<'.'

-. .,'••!: i1: J-:
• . i. '*".."' .

f -. 'L-isE-1 • 4.
•t-.S94!£—:\.;
+. 654t-02
-.678E-02
-.533E-O2
+.557E-02

TRANSMISSIVITY T = .196E-02 Cft2/s3
T = 1264 Cgpd/ft:

DATA SEGMENT ANALYZED :
- starting with data pair 17
- ending with data pair 20

DETERMINATION COEFFICENT - .9994734
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 24, 1988

PUMPED WELL ERT-27

OBSERVATION WELLS ERT-27

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-27 precede the aquifer test data which follow Prior to purging the
well the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to 01
feet The well was purged with a submersible pump and water level
measurements were taken with the electric sounder about one time per minute
starting at 4 4 minutes into the test until the pump was shut off at 7 23
minutes after the start of pumping Recovery measurements were taken for
about 1 5 hours following the test Because of the short duration of the
test, only one flow measurements was taken near the middle of the test
using a five-gallon bucket and stop watch

The drawdown values were corrected using the following correction
developed by Jacob to allow the solutions for confined aquifers to better
apply to unconfined conditions

s' - s-s
2/2Ho

where s' - adjusted drawdown
s - measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon

INTERPRETATION

Water level measurements were performed on the pumped well, ERT-27
Because of the short pumping time, only the recovery data were analyzed
This was done via use of the RECOVERY program in the nonproprietary
PUMPTEST package (Beljin, 1986) which is based on the Theis (1935) recovery
method and available from the International Ground Water Modeling Center
The RECOVERY program allows the user to interactively specify which data
are to be used in fitting the straight line
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02377̂ 5

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate
from the recovery data is 7001 gpd/ft The average hydraulic conductivity
was determined to be 8 3x10 cm/sec The storage coefficient could not be
determined from the single well test

The results of the recovery test are considered to be representative
because of the minimal well bore influence and because the one pumping rate
measurement is probably representative because of the slight drawdown in
the pumped well Also the recovery response would be less sensitive to
possible fluctuations in pumping rate

Well bore storage effects were significant for only about the first 2 5
mirutes of the pumping period The time when well bore effects were no
longer significant was calculated using the method of Schafer (1978)
described in section B-2.1 and shown below

tc < 0 6(16-1)/(13 04/3.52*) - 2 43 minutes

* used first drawdown measurement at 4 4 minutes into the test rather
than at time tc which is less than 2 43 minutes into the pumping period

Consequently, the drawdown data for the first 2 5 minutes of both the
drawdown and recovery periods should not be used for interpretation
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FRENCH LIMITED
CROSBY, TX
WELL ERT-27

DATE: S/24/88
STATIC WATER LEVEL: 5.8B FEET
PLJMPINC-3 RATE: 13.04 GPM
DISTANCE TO OBSERVATION POINT: 1 FOOT
TOTAL DEPTH OF WELL: 38.63 FEET (SOUNDED)
AQUIFER THICKNESS: 38.63 - 5.88 = 32.75 FEET

Time Since
Pumping
Started, t
(minutes)
4.40
5.48
6.82
7.23
7.47
7.57
7.78
8.23
6,43
1O.48
1 1 . 32
12.35
15.38
20. 63
S-'6 , 65

Time Since
Pumping
Stopped, t'
(minutes)

0.23
0.33
0.55
1 . 00
1,25
3.25
4.08
5.62
&, 15
13.42
89,42

Depth
to
Water
(feet)
9.40
9.45
9.40

7 . 00
6.50
6.20
6.00
5.95
6. 15
6. 10
6 . 05
6.00
S. 95
5.88

Drawdown
(•feet)
3.52
3.57
3.52

1. 12
0,62
0.32
0. 12
0.07
0.27
0 . 22
0. 17
0. 12
On 07

0.00

Corrected
Drawdown , s '

(•feet) Comments
3.33 5 gal/23.0 SEC
3.38
3.33

Pump Off
1. 10
0.61
0.32
0. 12
0,07
0.27
0:, 22

0. 17
0, 12
0.. 07
0 ,. 00
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0237*1

* ** program: Recovery *
* version: IBM PC 1.0 *
* *
* A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S *
* FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD. *
* *
####**######*#######**###***###*##****###**###*###**#*#

LOCATION = CROSBY, TX
WELL. = FRT-77
DATE = 5

STATIC WATER LEVEL

5/24/88

S.W.L.
DISCHARGE RATE =
DURATION OF PUMPING

NO

1
2
3
4
5
6
7
8
9
10
11

PERIOD... =

TIME t'Cmin] TIME t Cmin3

0.23
0.33
O.55
1 . 00
1.25
3.25
4.08
5.62
8. 15
13.42
89.42

7.46
7.56
7.78
8.23
8.48
10.48
11.31
12.85
15.38
20.65
96.65

5.88 c-ft:
13.04 Canm 3
7.23

t/t '

32 . 43
22.91
14. 15
8.23
•6.78
3.22
2.77
2.29
1.89
1,54
1.08

Cmin]

DRAWDOWN s'C-ft]

1. 100
0.610
0 . 320
0. 120
0.070
0,270
0.220
0. 170
0. 120
0.070
0.000

DEVIATION

+ . OOOE+00
+.OOOE+00
+.OOOE-00
<-. OOOEfOO
+.OOOE+00
+. 108E-01
+r509E-02
+ , 279E-0-I
+ . 250I--0'.;:
-.394E-OIL
-i-r 144b>-0'2

TRHNSMISSIVITY T = .108E-01 Lit2/s3
T - 7001 Cgpd/ft]

DATA SEGMENT ANALYZED s
- starting with data pair 9
- ending with data pair 11

DETERMINATION COEFFICENT = .9967135

**##*#####*****####*##*#**###***###*#*#**#•*#**##*•*****
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 24, 1988

PUMPED WELL. ERT-28

OBSERVATION WELLS ERT-28

CONTROL WELLS' none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-28 precede the aquifer test data which follow Prior to purging the
well the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to 01
feet The well was purged with a submersible pump Only one water level
measurement was taken with the electric sounder before the well bore was
pumped dry and the pump stopped at 4 25 minutes into the test Recovery
measurements were taken for aver six hours following the test Because of
the short duration of the test, only one flow measurements was taken at
the start of the test using a five-gallon bucket and stop watch

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' - s-s2/2Ho

where s' - adjusted drawdown
s - measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon

INTERPRETATION

Water level measurements were performed on the pumped well, ERT-28
Because of the short pumping time, only the recovery data were analyzed
This was done via use of the RECOVERY program in the nonproprietary
PUMPTEST package (Beljin, 1986) which is based on the Theis (1935) recovery
method and available from the International Ground Water Modeling Center
The RECOVERY program allows the user to interactively specify which data
are to be used in fitting the straight line. Because of the short duration
of the pumping period, it was thought appropriate to also analyze the data
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0237R1

via a slug test methodology This was done by use of the nonproprietary
TIMELAG program (Thompson, 1987) available from the IGWMC. The TIMELAG
program is based upon the technique of Hvorslev (1951) for the
interpretation of slug tests in confined and unconfined aquifers

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the transmissivity estimate resulting
from the RECOVERY analysis of the recovery data is 167 gpd/ft The average
hydraulic conductivity was determined to be 1 5x10" cm/sec The storage
coefficient could not be determined from the single well test

The analysis using TIMELAG assumes that the well bore is evacuated
instantaneously and thus does not require a pumping rate measurement The
method is not sensitive to the finite time needed to evacuate the well bore
provided it is several orders of magnitude shorter than the recovery
response period This method uses uncorrected water level data The water
level was not measured until almost two minutes after purging stopped
because of the pump removal activity The water level at the end of
purging was estimated by extrapolating the early recovery data back to time
zero on a semilog recovery plot The transmissivity calculated using
TIKELAG is 52 gpd/ft and the average hydraulic conductivity is determined
to be 4 8x10 cm/sec The storage coefficient could not be determined
from the single well test

The results of these analyses are attached The results of the slug test
analysis are considered fair given that slug tests generally provide only
order-of-magnitude estimates of transmissivity The results of the
recovery test are considered poor given that only four of the recovery data
points were outside the significant influence of well bore storage Ever
though the recovery response us less sensitive to possible fluctuations in
pumping rate, it is suspected that much of the discrepancy between the
results of the slug test and recovery analyses is due to the accuracy of
the pumping rate measurement Given the relatively large drawdown in the
pumped well, it is possible that the actual rate may have declined near the
end of pumping Consequently, the pumping rate measurement which was taken
during the middle of the test may be somewhat higher than the average for
the entire pumping period resulting in a slight overestimation of
transmissivity using the recovery analysis technique

Well bore storage effects were significant for the entire pumping period
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in section B-2 1 and shown
below

tc > 0 6(16-1)/(10 95/36*) - 29.6 minutes

* drawdown estimated at end of pumping rather than at time tc which
is beyond the end of pumping

Consequently, the drawdown data for the entire pumping interval should not
be used for interpretation Likewise, since tc is greater than 29 6
minutes, only the last four recovery data points are in the range where
well bore influences were minimal.
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1 • i'̂ î_ — _z-

• • { • • • • " . 1 . ! . : . . . : . . . . " - l -n ' IHHI

* f .'-
I I . . 1 . _ l

> 06PTH
IN FEET

M

n

m
r*
ffl

O
Z

2
a
a
f

i

SAMPLE NO.

SAMPLE TYPE

SAMPLE DEPTH
lln totll

POCKET
PENEIHOUflEM

ITomfFI.1!

•LOW COUNTS '

1

* MCCOVERr

HNU VALUE 1
lln wnllll

WELL

REUAftXS

«»3•SMI
" ao .

m
^

^

9

»'
t
i

i.
t
?
^

Uj
> 1 3

k!

o

1
z

3
i

M

I30
" •'
m*
n —

•=L
i]
* *

J
i'j

?

••

•4

ncnoi ZO

^2S 5 =
IsS S2
o5o
7 -

ti

i

s'
rfl
%
m

r-

*P
4 2

£

r ® o '

illHlI

J8

1
V

t

Si 3
A_4 ? f

?§:
• ̂

, z

-I
4

• fm * -
ca BB^HT

C ^^^^
O HgBJ|

m

0
z
m f*'
m <--•
i 4 .

1 ^
0 »t

i ̂
z

03o
3

Z
O

o *~-n O
O

"1 ̂

r§
N n

z
(O en

3 :
C I
0 1-
-1 a

i I--



FRENCH LIMITED
CROSBY, TX
WELL ERT-28

DATE: 5/24/88
STATIC WATER LEVEL: 11.89 FEET
PUMPING RATE: 10.95 GPM
DISTANCE TO OBSERVATION POINT: 1 FOOT
TOTAL DEPTH OF WELL: 55.55 FEET (SOUNDED)
AQUIFER THICKNESS! 55.55 - 11.89 = 43.66 FEET

Time Since
Pumping
Started, t
(minutes)
0.97
4.23
4.25

t

6.20
7,0-;.
7. 1.5
7.37
7,67
7 . 92
5.20
8.48
3.76
* , HZ
9.42
9.70
10.00
1O.33
1O.67
11.00
1 1 . 38
1 1 . 75
12. 12
12.52
12.93
13.30
13.72
14.20
14.67
15.03
15.50
15.95
16.45
16.97
17.47
18.03
18.63
19.25

Time Since
Pumping
Stopped , t '
(minutes)

1.95
2.78
2.88
3. 12
3.42
3.67
3.95
4.23
4.53
4.83
5. 17
5.45
5.75
6.08
6.42
6.75
7. 13
7.50

. 7.87
8.27
8.68
9.05
9.47
9.95
10.42
10.78
11.25
11.70
12.20
12.72
13.22
13.78
14.38
15.00

Depth
to
Water
(feet)
16.75

43.50
42.00
41.50
41.00
40.50
40.00
39.50
39.00
38,50
38.00
37.50
37.00
36.50
36. OO
35.50
35.00
34.50
34.00
33.50
33.00
32.50
32.00
31.50
31.00
30.50
30.00
29.50
29.00
28.50
28.00
27.50
27.00
26.50
26.00

Drawdown
(•feet)
4.86

31.61
30. 11
29.61
29. 11
28.61
28. 11
27.61
27. 11
26.61
26. 11
25.61
25. 11
24.61
24. 11
23.61
23. 11
22.61
22. 11
21.61
21. 11
20.61
20. 11
19.61
19. 11
18.61
18. 11
17.61
17. 11
16.61
16. 11
15.61
15. 11
14.61
14. 11

Corrected
Drawdown, s'

(•feet) Comments
4.59

5 gal/27.4 sec
Pump 0-f -f ,
Well Dry

20. 17
19.73
19.57
19.41
19.24
1 9 , 06
18.88
18,69
13,50
18.30
18. 10
17.89
17.67
17.45
17.23
16.99
16.76
16.51
16.26
16.01
15.75
15.48
15.21
14.93
14.64
14.35
14.06
13.76
13.45
13. 14
12.82
12.50
12. 17
11.83
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ERT-28 Page 2

Time Sines
Pumping
Started, t
<minutes)
21.00
21.33
30.47
63.92
139.50
323.30
377.20

Time Since
Pumping
Stopped , t '
(minutes)
16.75
17.08
26.22
59.67
135.25
319.10
372.90

Depth
to

Water
(feet)
25.50
24.50
19.70
14.77
14.64
14.50
14.48

Drawdown
(•feet)
13.61
12.61
7.B1
2.88
2.75
2.61
2.59

Corrected
Drawdown, s'

(feet) Comments
11.49
10.79
7. 11
2.79
2.66
2.53
2.51
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02376 9******************************************************** ' #
* program: Recovery *
* version: IBM PC 1.0 *
* *
* A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S *
* FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD. *
* - *

LOCATION = CROSBY, TX
WELI = FRT-^fl '
DATE - E

STATIC WATER LEVEL

5/24/88

S.W.L.
DISCHARGE RATE - -
DURATION OF PUMPING

NO

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

PERIOD... =

TIME t'Cmin] TIME t Cmin]

1.95
2.78
2.88
3. 12
3.42
3.67
3.95
4.23
4.53
4.83
5. 17
5.45
5.75
6 . 03
6,42
6.75
7. 13
7.50
7.87
8.27
8.68
9.05
9.47
9.95
10.42
10.78
11.25
11.70
12.20
12.72
13.22
13.78
14.38
15.00
16.75
17.08
26.22
59.67
135.25
319. 10
372.90

6.20
7.03
7: 13
7.37
7.67
7.92
8.20
8.48
8.78
9.08
9.42
9.70
10,00
10.33
10.67
1 1 . 00
11.38
11.75
12. 12
12.52
12.93
13.30
13.72
14.20
14.67
15.03
15.50
15.95
16.45
16.97
17.47
18.03
18.63
19.25
21.00
21.33
30.47
63.92
139.50
323.35
377.15
B-128

11.89
10.95
4.25

t/t '

3. 18
2.53
2.48
2.36
2.24
2. 16
2.08
2.00
1.94
1. . 88
1.82
1 , 78
t , 74
1 . 70
1.66
1.63
1 . 60
1.57
1.54
1.51
1.49
1.47
1.45
1.43
1.41
1.39
1.38
1.36
1.35
1.33
1.32
1.31
1.30
1.28
1.25
1.25
1. 16
1.07
1.03
1.01
1.01

C-ffJ
[" nnm ]L. l̂ t-J III J

Cmin'J

DRAWDOWN s'tft]

20. 170
19.730
19.570
19.410
19,240
19.060
1 8 ,880
IS. 690
1 8 . 500
18.300
18. 100
1 7 . 890
17,670
17.450
17.230
16.990
16.760
16.510
16.26O
16.010
15.750
15.480
15.210
14.930
14.640
14.350
14.060
13.760
13.450
13. 140
12.820
12.500
12. 170
1 1 . 830
11.490
10.790
7. 110
2.790
2.660
2.530
2.510

DEVIATION

+ . OOOE+00
+. OOOE+00
+. OOOE+00
+. OOOE+00
+, OOOE+00
+, OOOE+00
+. OOOE+OO
+ . OOOE+00
+. OOOE+00
+ , OOOE+00
+. OOOE+00
+, OOOE+00
+. OOOE+OO
+. OOOE+00
+, OOOE+OO
+. OOOE+00
+ . OOOE+00
+. OOOE+00
+ . OOOE+OO
+. OOOE+OO
+ . OOOE+00
+. OOOE+00
+. OOOE+00
+ . OOOE+OO
+. OOOE+00
+. OOOE+OO
+. OOOE+00
+. OOOE+00
+ . OOOE+00
+. OOOE+OO
+. OOOE+00
+. OOOE+00
+. OOOE+00
+. OOOE+00
+. OOOE+00
+. OOOE+00
+.495E+00
-. 118E+01
-.291E-03
+.300E-02
-.271E-02



023770 TRANSMISSIVITY T - .258E-03 Cft2/s3
T = 167 Cgpd/ft:

DATA SEGMENT ANALYZED :
- starting with data pair 39
- ending with data pair 41

DETERMINATION COEFFICENT = .9987052
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023771'

PERMEABILITY FROM TIME-LAG TESTS

TITLES ? ERT-28 TIMELAB ANALYSIS
(E)nglish or (M)etric units? E
(C)onfined or (U) neon-fined conditions? U
Do you prefer to enter well radii as (I)nches or <F)eet? I
STANDPIPE RADIUS (inches) - ? 2
INTAKE RADIUS (inches) = ? 2
LENGTH OF INTAKE (-feet or meters) = ? 44
DEPTH TO TOP OF INTAKE (feet or meters) = ? 5
STATIC WATER LEVEL, DEPTH (-feet or meters) = ? 11.9
PURGE WATER LEVEL (FEET OR METERS) = ? 47.9

ARE THESE DATA CORRECT? (Y/N)? Y
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ERT-28 TIMELAG ANALYSIS

TIME
(seconds)

0
117
166.8
172.8
187.2
205.2
220.2
237
253.8
271.8
289.8
310.2
327
345
364.8
385.2
405
427. 8
450
472.2
496.2
520.8001
543
568.2
597
625.2
646.8
675
702
732
763.2
793.2
826.8
862.8
900
1005

WATER LEVEL
(•Feets)

47.9
43.5
42
41.5
41
40.5
40
39.5
39
38.5
38
37.5
37
36.5
36
35.5
35
34.5
34
33.5
33
32.5
32
31.5
31
30.5
30
29.5
29
28.5
28
27.5
27
26.5
26
25.5

DRAWDOWN
(•feet)

36.00
31.60
30. 10
29.60
29.10
28.60
28. 10
27.60
27. 10
26.60
26. 10
25.60
25. 10
24.60
24. 10
23.60
23. 10
22.60
22. 10
21.60
21. 10
20.60
20. 10
19.60
19. 10
18.60
18. 10
17.60
17. 10
16.60
16. 10
15.60
15. 1O
14.60
14. 10
13.60

H/HO

1
. 8777778
.8361111
. 8222222
. 8083333
. 7944444
. 7805556
. 7666667
. 7527778
. 7388889
.725
.7111111
. 6972222
. 6833333
. 6694444
. 6555556
.6416667
. 6277778
.6133889
.6
.5861111
. 5722222
. 5583333
. 5444444
. 5305556
.5166667
, 5027778
. 4883889
.475
.4611111
. 4472222
. 4333333
.4194444
. 4055556
.3916667
. 3777778

UNCONFINED AQUIFER

K = 0.5E-04 cm/sec
1.2 gpd/-ft2

= 0.2E-05 -ft/sec
0.2 -ft/day

REGRESSION COEFFICIENT = -.998473
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 24, 1988

PUMPED WELL. ERT-29

OBSERVATION WELLS. ERT-29

CONTROL WELLS' none

BACKGROUND AND DESCRIPTION OF TEST.

Lithologic and completion logs and an illustration of the location of well
ERT-29 precede the aquifer test data which follow Prior to purging the
well, the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to 01
feet The well was purged with a submersible pump and water level
measurements were taken with the electric sounder about eight times
starting at 11 minutes into the test until the pump was shut off at 19 85
minutes after the start of pumping Recovery measurements were taken for
over seven hours following the test Only one flow measurements was taken
near the middle of the test using a five-gallon bucket and stop watch

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' - s-s2/2Ho

where s' - adjusted drawdown
s - measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon

INTERPRETATION

Water level measurements were performed on the pumped well, ERT-29 The
adjusted drawdown data from the pumped well were analyzed using the
nonproprietary program JACOBFIT in the PUMPTEST package (Beljin, 1986)
available from the International Ground Water Modeling Center The program
is based on the Cooper and Jacob (1946) approximation of the The is
equation The technique is appropriate for analyses of aquifer tests in
which the dimensionless parameter u - r S/4Tt is less than 0 01
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where r is the radial distance between the pumped well
and observation well (feet),

S is the storage coefficient (unitless)
T is the transmissivity (ft2/day), and
t is the time since pumping started (days)

The parameter "u" is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale
The change in drawdown over one log cycle of time is used to calculate
transmissivity. The JACOBFIT program allows the user to interactively
specify which data are to be used in fitting the straight line The
recovery data were analyzed using the RECOVERY program (Beljin, 1986) based
upon the Theis (1935) recovery method and available from the IGWMC The
RECOVERY program allows the user to interactively specify which data are to
be used in fitting the straight line

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate is
330 gpd/ft using the drawdown data and 2158 gpd/ft using the recovery
data The average hydraulic conductivity was determined to be 3 3x10
cm/sec and 2 1x10" cm/sec respectively for the drawdown and recovery
results The storage coefficient could not be determined from the single
well test The results of this analysis are attached

The results of the drawdown analysis should not be used since the test was
under the influence of significant well bore storage effects throughout the
entire pumping period The results of the recovery test are considered
fair given that only four of the recovery data points were outside the
significant influence of well bore storage The relatively poor comparison
between the drawdown and recovery results is due largely to the influence
of well bore storage on the drawdown response Also the recovery response
would be less sensitive to possible fluctuations in pumping rate Given
the relatively large drawdown in the pumped well, it is possible that the
actual flows may have declined near the end of pumping Consequently, the
measurement which was taken during the middle of the test may be somewhat
higher that the average for the entire pumping period which would result in
a slight overestimation of transmissivity

Well bore storage effects were significant for the entire pumping period
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in the B-2 1 and shown below

tc > 0 6(16-1)/(10.99/32 6*) - 26.7 minutes

* drawdown at the last measurement in the pumping period 16 55
minutes after the start of pumping

Consequently, the drawdown data for the entire pumping interval should not
be used for interpretation. Likewise, since tc is greater than 26 7
minutes, only the last four recovery data points are in the range where
well bore influences are minimal.
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FRENCH LIMITED
CROSBY, TX
WELL ERT-29

DATE: 5/24/88
STATIC WATER LEVEL: 10.40 FEET
PUMPING RATE! 10.99 QPM
DISTANCE TO OBSERVATION POINT: 1 FOOT
TOTAL DEPTH OF WELL: 50.57 FEET (SOUNDED)
AQUIFER THICKNESS! 50.57 - 10.40 = 40.17 FEET

Time Since
Pumping
Started, t
(minutes)
10.98
1 1 . 60
12. 17
12.78
13.43
15.25
16.05
16.55
19.85
20.95
21. 18
21.33
21.65
21. 3d
22. 17
22.38
22.62
22.88
23.42
23.68
23.97
24.27
24.60
24.95
25.32
25.73
26.20
26.70
27.33
28.00
28.87
29.90
31.02
32.60
34.72
35.38
38. 17
42.35

Time Since
Pumping
Stopped, t'
(minutes)

1. 10
1.33
1.4d
1 . 80
2.03
2.32
2.53
2.77
3.03
3.57
3.83
4.12
4.42
4.75
5. 10
5.47
5.88
6.35
6.85
7.48
8. 15
9.02
10.05
11.17
12.75
14.87
15.53
18.32
22.50

Depth
to
Water
(-feet)
38.92
39.02
39.80
40.50
41.00
41.50
42.50
43.00

38 4 00
37.50
36.50
35 . 00
34.00
33.00
32.00
30.00
29.00
28. OO
27. OO
26.00
25.00
24.00
23.00
22.00
21.00
20.00
19.00
18.00
17.00
16.00
15.00
14.00
13.00
12.50
12.00
11.50
1 1 . 50

Drawdown
(•feet)
28.52
28.62
29.40
30. 10
30.60
31. 10
32. 10
32.60

27.60
27. 10
26. 10
24 . 60
23.60
22.60
21.60
19.60
18.60
17. 6O
16.60
15.60
14.60
13.60
12.60
11.60
10.60
9.60
8.60
7.60
6.60
5.60
4.60
3.60
2.60
2. 10
1.60
1. 10
1. 10

Corrected
Drawdown , s '

(•feet) Comments
18.40 5 gal/27.3 sec
18.42
18.64
18.82
18.95
19.06
19.27 •
1 9 . 37

Pump Q-f-f
18. 12
17.96
17.62
17.07
16.67
16.24
15.79
14.82
14.29
13.74
13. 17
12.57
11.95
11.30
10.62
9.93
9.20
8.45
7.68
6.88
6.06
5.21
4.34
3.44
2.52
2.05
1.57
1.08
1.08
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ERT-29 Page 2

Time Since Time Since Depth
Pumping Pumping to Corrected
Started,t Stopped, t' Water Drawdown Drawdown, s'
(minutes) (minutes) (-feet) (feet) (-feet) Comments
51.42 31.57 10.81 0.41 0.41

147.00 127.15 10.58 0.18 0.18
225.10 205.20 10.58 0.18 0.18
460.25 440.40 10.56 0.16 .0.16
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**#****##**#*###**###***#**##********#*****###******#**
* *

program:
version:

JacobFit
IBM PC 1.0

#
#
#

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S *
FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD. *

* *
####**#*****##*******#*****##*****#*#******#*******##**

PROJECT. .
LOCATION.
WELL
DATE

FRENCH LIMITED
CROSBY, TX
ERT-29
5/24/88

STATIC WATER LEVEL S.W.L. = 10.4 [ft:
DISCHARGE RATE - 10.99 CgpmD
DISTANCE OF OBSERVATION POINT = 1 Cft]

NO

3
4
5
6
7
8

TIME CminD DRAWDOWN u DEVIATION

10.98
1 1 . 60
12. 17
12.78
13.43
15.25
16.05
16,55

18.400
18.420
18.640
18.820
18.950
19.060
1 9 . 270
19,370

. OOOE+00

. OOOE+00

. OOOE+00
, OOOE+00
. 335E-04
. 380E-02
.361E-02
. 350E-02

+. OOOE+00
+. OOOE+00
+ . OOOE+00
+. OOOE+00
+.374E-03
-.427E-02
+. 107E-01
- . 639F.-02

RANSM16SIVITY

STGRATiVITY
T = 330 Lgpd/ftJ
S = . 709E-02

DATA SEGMENT ANALYZED :
- starting with data pair 6
- ending with data pair 8

DETERMINATION COEFFICENT .9982535
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****##**#*******#****#**************************#******
# *
* program: Recovery *
* version: IBM PC 1.0 *
* *
* A PROGRAM FOR PUMP TEST ANALYSIS USINS JACOB'S *
* FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD. *

LOCATION =
WELL. . =
DATE =

STATIC WATER LEVEL
DISCHARGE RATE
DURATION OF PUMPING

i I M—i^fwri i b_ * i i * Ik

CROSBY, TX
ERT-29
5/24/88

S.W.L. _

PERIOD... =

NO TIME t'CminD TIME t Cmin]

1 1. 10
2 1 . 33
3 1.48
4 1.80
5 2.03
6 2.32
7 2.53
3 2.77
9 3.03
10 3.57
11 3.83
12 4.12
13 4.42
14 4.75
15 5.10
16 5.47
17 5.88
18 6.35
19 6.85
20 7.48
21 8.15
22 9.02
23 10.05
24 11.17
25 12.75
26 14.87
27 15.53
28 18.32
29 22.50
30 31.57
31 127.15
32 205.20
33 440.40

20.95 .
21. 18
21.33
21.65
21.88
22. 17
22.38
22.62
22.88
23.42
23.68
23.97
24.27
24.60
24.95
25.32
25.73
26. 2O
26. 7O
27.33
28.00
28.87
29.90
31.02
32.60
34.72
35.38
38. 17
42.35
51.42
147.00
225.05
460.25

mtU

10.4
10.99
19.85

t/t '

19.05
15.92
14.41
12.03
10.78
9.56
8.85
8. 17
7.55
6.56
6. 18
5.82
5.49
5. IS
4.89
4.63
4.38
4. 13
3.90
3.65
3.44
3.20
2.98
2.78
2.56
2.33
2.28
2.08
1.88
1.63
1. 16
1. 10
1.05

eft:
[nr)fn]u y K111 j
C mi nil

DRAWDOWN s'C-ft3

18. 120
17.960
17.620
17.070
16.670
16.240
15.790
14.820
14.290
13.740
13. 170
12.570
i 1 . 950
1 1 . 300
10.620
9.930
9.200
8.450
7.68O
6.880
6.060
5.210
4.340
3.440
2.520
2.050
1.570
1.080
1.080
0.410
0. 180
0. 180
0. 160

DEVIATION

+ . OOOE+00
+.OOOE+00
+. OOOE+00
+.OOOE+OC
+ . OOQE+OU
+. OOOE+00
+ . OOOE+OO
+.OOOE+OO
+.OOOE>00
+ ,. OOOE+00
+. OOOE+00
+. OOOE+00
+ .oooe~<.».
+, OOOE+00
+.OOOE+UU
+ . OOOE+00
+. OOOE+00
+ . OOOE+OO
+. OOOE+00
+. OOOE+00
+ . OOOE+00
+. OOOE+00
+. OOOE+00
+. OOOE+00
+. OOOE+00
+. OOOE+00
+. OOOE+00
+. OOOE+00
+.208E+00
+.503E-02
-.249E-01
+.586E-02
+. 140E-01

TRANSMISSIVITY T = .334E-02 Cft2/sD
T = 2158 Cgpd/ftl

DATA SEGMENT ANALYZED :
- starting with data pair 30
- endina with data oair 33 B-142
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 24, 1988

PUMPED WELL ERT-30

OBSERVATION WELLS ERT-30

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-30 precede the aquifer test data which follow. Prior to purging the
well, the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to 01
feet The well was purged with a submersible pump No water level
measurements were taken before the well bore was pumped dry and the pump
stopped at 2 0 minutes into the test Recovery measurements were taken for
over eight hours following the test Because of the short duration of the
test, no flow measurements were taken during the short pumping interval

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' - s-s2/2Ho

where s' - adjusted drawdown
s - measured drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test The water level at the
end of purging was estimated by extrapolating the early recovery data back
to time zero on a semilog recovery plot

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon

INTERPRETATION.

Water level measurements were performed on the pumped well, ERT-30 The
adjusted drawdown data from the pumped well were analyzed using the
nonproprietary pump test program RECOVERY (Beljin, 1986) available from the
International Ground Water Modeling Center The results of that analysis,
which follows, are considered to be poor because of the short pumping
period. Uncorrected drawdown data were analyzed by use of the program
TIMELAG (Thompson, 1987) also available from the International Ground Water

B-1AA
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Modeling Center The TIME1AG program is based upon the technique of
Hvorslev (1951) for the interpretation of slug tests. A slug test analysis
was thought to be appropriate because of the short pumping period

The analysis using TIMELAG assumes that the well bore is evacuated
instantaneously and thus does not require a pumping rate measurement The
method is not sensitive to the finite time needed to evacuate the well bore
provided it is several orders of magnitude shorter than the recovery
response period. The water level was not measured until almost 2 5
minutes after purging stopped because of the pump removal activity The
water level at the end of purging was estimated by extrapolating the
recovery data back to time zero on a semilog plot The transmissivity
calculated using TIMELAG is 63 gpd/ft and the average hydraulic
conductivity is determined to be 7.43x10 cm/sec The storage coefficient
could not be determined from the single well test

The results of this analysis are attached The results of the slug test
analysis are considered fair given that slug tests generally provide only
order-of-magnitude estimates of transmissivity
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A RESOURCE ENGINEERING COMPANY
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FRENCH LIMITED
CROSBY, TX
WELL ERT-30

DATE: 5/24/88
STATIC WATER LEVEL: 13.70 FEET
PUMPING RATE! 11 SPM ASSUMED FROM OTHER TESTS.

TO MEASURING Q
DISTANCE TO OBSERVATION POINT: 1 FOOT
TOTAL DEPTH OF WELL: 58.40 FEET (SOUNDED)
AQUIFER THICKNESS: 58.40 - 13.70 = 44.70 FEET

WELL WAS PUMPED DRY PRIOR

Time Since
Pumping
Started, t
(mi nutes)
2.00 -

5.23
5. 70
6.27
6.57
6.88
7.22
7.53
7 . 87
8. 18
8.52
8.85
9.23
9.58
9.92
10.30
1O.6S
11.07
11.45
1 1 . 90
12.28
12.70
15.05
15.58
16.12
16.72
17.33
18.02
18.73
19.53
20.33
79.73
173.70
253.50
489.90

Time Since
Pumpi ng
Stopped, t'
(minutes)

3.23
3.70
4.27
4.57
4.88
5.22
5.53
5.87
6. 18
6.52
6, .85
7.23
7.58
7.92
8.30
8.68
9.07
9.45
9.90
10.28
10.70
13.05
13.58
14. 12
14.72
15.33
16.02
16.73
17.53
18.33
77.73
171.70
251.50
487.90

Depth
to
Water
(•feet)

39.91
39.00
38.00
37.50
37.00
36.50
36 . 00
35.50
35.00
34.50
34 ..00
33.30
33.00
32.50
32.00
31.50
31. OO
30.50
30.00
29.50
29.00
26.50
26.00
25.50
25.00
24.50
24.00
23.50
23.00
22.50
15.50
14.02
13.88
13.78

Drawdown
(•feet)

26.21
25.30
24.30
23.80
23.30
22.80
22.30
21.80
21.30
20.80
20.30
19.60
19.30
18.80
18.30
17.80
17.30
16.80
16.30
15.80
15.30
12.80
12.30
11.80
11.30
10.80
10.30
9.80
9.30
8.80
1.80
0.32
0. 18
0.08

Corrected
Drawdown, s'

(•feet) Comments
Pump 0-f -f ,

Well Dry
18.53
18. 14
17.69
17.46
17.23
16.99
16.74
16.48
16,23
15.96
15.69
15.30
15. 13
14.85
14.55
14.26
13.95
13.64
13.33
13.01
12.68
10.97
10.61
10.24
9.87
9.50
9. 11
8.73
8.33
7.93
1.76
0.32
0.18
0.08
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* program: Recovery
* versions IBM PC 1.0
#
* A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
* FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD.

#
*

#
*
#

LOCATION =
WELL =
DATE =

STATIC WATER LEVEL
DISCHARGE RATE
DURATION OF PUMPING

1 l\t— 1TWI 1 U_ J. 1 IX 1 U.

CROSBY, TX
ERT-30
5/24/88

S.W.L. _

PERIOD. . . =

NO TIME t'CminD TIME t Cmin3

1 3.23
2 3.70
3 4.27
4 4.57
5 4.88
6 5.22
7 5.53
8 5.87
9 6. IS
10 6.52
11 6.85
12 7.23
13 7.58
14 7.92
15 8.30
16 8.68
17 9.07
18 9.45
19 9.9O
20 10.28
21 10.70
22 13.05
23 13.58
24 14.12
25 14.72
26 15.33
27 16.02
28 16.73
29 17.53
30 18.33
31 77.73
32 171.70
33 251.50
34 487.90

5.23
5.70
6.27
6.57
6.88
7 . 22
7.53
7.87
8. 18
8.52
8.85
9.23
9.58
9.92
10.30
10.63
11.07
11.45
11.90
12.28
12.70
15.05
15.58
16. 12
16.72
17.33
18.02
18.73
19.53
20.33
79.73
173.70
253.50
489.90

i_r

13.7 C-ft]
1 1 CgpmZI
2 Cmin]

t/t ' DRAWDOWN s'C-ft:

1.62
1.54
1.47
1.44
1.41
1 . 38
1.36
1.34
1.32
1.31
1.29
1 , 28
1.26
1.25
1.24
1.23
1.22
1.21
1.20
1.19
1. 19
1. 15
1. 15
1. 14
1. 14
1. 13
1. 12
1. 12
1. 11
1. 11
1.03
1.01
1.01
1.00

18.530
18. 140
17.690
17.460
17.230
16.990
16.740
16.480
16.23O
15.960
15.690
15.300
15. 130
14.850
14.550
14.260
13.950
13.64O
13.33O
13.010
12.680
10.970
10.610
10.240
9.870
9.500
9. 110
8.730
8.330
7.930
1.760
0.320
0. 180
0.080

DEVIATION

+. OOOE+00
+.OOOE+00
+ '. OOOE+00
+ . OOOE+00
+. OOOE+00
+. OOOE+00
+ . OOOE+00
+.OOOE+00
+.OOOE+OO
+, OOOE+00
+. OOOE+00
+.OOOE+OU
•i- . OOOE+00
+ ,. OOOE+00
+. OOOE+00
+ ,. OOOE+00
+ . OOOE+OO
+.OOOE+OO
+ . OOOE+00
-.591E+00
-.421E+00
-.993E-01
-.413E-01
-. 157E-01
+.218E-01
+.353E-01
+.459E-01
+.454E-01
+.381E-01
-. 184E-02
+. 110E+00
-.218E+OO
-.642E-01
+. 144E+00

TRANSMISSIVITY T -

T -

.243E-04 Cft2/s]
16 Cgpd/ft:

DATA SEGMENT ANALYZED :



- ending with data pair 3402-77*
DETERMINATION COEFFICENT = .9995468
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023733

PERMEABILITY FROM TIME-LAG TESTS

TITLE: ? ERT-30 TIMELA6 ANALYSIS
(E)nglish or (M)etric units? E
(C)onfined or (U) neon-fined conditions? U
Do you pre-fer to enter well radii as <I)nches or <F)eet? I
STANDPIPE RADIUS (inches) - ? 2
INTAKE RADIUS (inches) - ? 2
LENGTH OF INTAKE (-Feet or meters) = ? 44
DEPTH TO TOP OF INTAKE (feet or meters) = ? 5
STATIC WATER LEVEL, DEPTH (-feet or meters) = ? 13.7
PURGE WATER LEVEL (FEET OR METERS) = ? 47.1

ARE THESE DATA CORRECT? (Y/N)? Y
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023734
ERT-30 TII*IELA6 ANALYSIS

TIME
(seconds)

0
193.8
222
256.2
274.2
292.8
313.2
331.8
352.2
370.8
391.2
411
433.8
454.8
475.2
498
520.8001
544.2
567
594
616.8
642
783
814.8
847.2
883.2
919. S
961,2
1003,8
1051.8
1099.3

WATER LEVEL
(-feets)

47. 1
39.91
39
38
37.5
37
36.5
36
35.5
35
34.5
34
33.3
33
32.5
32
31.5
31
30.5
30
29.5
29
26.5
26
25.5
25
24.5
24
23.5
23
22.5

DRAWDOWN
(•Feet)

33.40
26.21
25.30
24.30
23.80
23.30
22.80
22.30
21.80
21.30
20.80
20.30
19.60
19.30
18.80
18.30
17.80
17,30
16.80
16.30
15.80
15.30
12.80
12.30
1 1 . 80
1 1 . 30
10.80
10.30
9.80
9.30
8.80

H/HO

1
. 7847305
. 757485
.7275449
.7125748
. 6976048
. 6826347
. 6676647
. 6526946
.6377245
. 6227545
.6077845
. 5868264
.5778443
. 5628743
. 5479042
.5329341
.5179641
. 502994
. 4880239
. 4730539
. 4580838
. 3832335
. 3682635
. 3532934
. 3383233
. 3233533
, 3083832
.2934132
. 2784432
.2634731

UNCONFINED AQUIFER

K = 0.7E-04 cm/sec
1.4 gpd/ft2

= 0.2E-05 ft/sec
0.2 -Ft/day

REGRESSION COEFFICIENT = -.9998974
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ATTACHMENT 2

UPPER ALLUVIAL ZONE PUMP TEST DATA AND INTERPRETATION

FRENCH LIMITED SITE,

Crosby, Texas

August 5 to August 15, 1988
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST- August 8, 1988

PUMPED WELL: REI-10-2

OBSERVATION WELLS' REI-10-3, radial distance 80 88 feet and
REI-10-4, radial distance 53 77 feet

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

The original work plan included testing well REI-10-3 In the review of
the work plan, Ms Kathleen O'Reiley of Region VI of the U S EPA expressed
concern that the REI-10-3 well may not be representative because of the low
transmissivity associated with the single well recovery analysis of the
short term (15- minute) test performed on May 26, 1988 It appeared that
the low transmissivity calculated from the short term single well test
re&ults could have been due to well inefficiency as suggested by the low
pumping rate and large drawdown in this well Such well inefficiency would
also cause well bore storage effects to be significant for unconfinea
conditions. Well bore effects could also contribute to the lower
transmissivity estimate for this short term test

It was agreed by personnel from Region VI of the U S EPA that contractors
to the French Limited Task Group, Inc would perform a step-drawdown or
variable rate test on wells REI-10-2, REI-10-3 and REI-10-4 in order to
select a well for a six- to eight-hour pumping test The contractors
performing the pump test, Applied Hydrology Associates, Inc (AHA) and ERT,
proposed to pump each well for 30 minutes at 1 5 gpm, then raise the
pumping rate to 2 5 gpm for 30 minutes and then pump for an additional 30
minutes at a higher rate if drawdown had not approached the pumping level
It was agreed that the test would be terminated if drawdown to the pump
caused the pumping rate to drop significantly. Recovery measurements would
be taken following termination of pumping

A variable rate test was performed on well REI-10-2 by AHA and ERT
personnel Lithologic and well completion logs and an illustration of the
location of the pumped well, REI-10-2, and the observation wells, REI-10-3
and REI-10-4, precede the aquifer test data which follow.

Prior to pumping the well, the depth to static water level below the top of
casing in the pumped well and the observation wells was measured using an
electronic well sounder with accuracy to 01 feet The well was pumped
with a submersible pump and water level measurements were taken with an
electronic sounder on the pumped well and on wells REI-10-3 and REI-10-4
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The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

S' _ s-s
2/2Ho

where s' - adjusted drawdown
s - drawdown and
Ho - initial saturated thickness

The attached data sheets present the measurements for the pumped well and
the observation wells during the drawdown and recovery periods The data
sheets include the observed drawdowns and the corrected drawdowns

Because of the low yield obtained from well REI-10-2, the flow as measured
by an in-line Rotometer was set at a rate of 1.0 gpm Several measurements
with a five-galIon bucket and stop watch showed the actual rate to be 0 83
gpra It was decided to pump at this rate for at least one hour in order to
overcome well bore effects. However, the drawdown reached the pump level
after 34 minutes of pumping, so it was necessary to reduce the pumping rate
to about 0 4 gpm as shown by the Rotometer Subsequent measurements with a
five-gallon bucket and stop watch showed this pumping rate to be about 0 59
gprn

The well was pumped at about 0 59 gpm until drawdown approached the pump
level Pumping was terminated after pumping at this rate for about 66
minutes The total pumping time was one hour and 40 minutes Recovery
measurements were taken from the pumping well and the observation wells for
about 165 minutes following termination of pumping

Water produced from the test was pumped directly into the French Limited
Lagoon

INTERPRETATION:

The observation well REI-10-3, located 80 88 feet from well REI-10-2,
showed a very slight response due to pumping well REI-10-2 The drawdown
was insufficient to match with a Theis or Boulton type curve The drawdown
in well REI-10-4, located 53 77 feet from well REI-10-2, was slightly
greater and sufficient to allow for a satisfactory match with a Boulton
Delayed Yield type curve The drawdown data are attached and the results
of this analysis are provided in Figure A2-1

The transmissivity calculated using the Boulton Delayed Yield type curve
with r/B - 2.0 is 142 gpd/ft and the average hydraulic conductivity is
determined to be 4.8x10- cm/sec. The estimated storage coefficient from
the early response is 0 00086 The results of this test are thought to be
poor and only provide order-of-magnitude estimates In order to apply the
Boulton type curve, it was necessary to assume that the pumping rate was
constant during the entire pumping period. However, the actual pumping
rate declined after about 35 minutes into the test because of the rapid
drawdown to pump level
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The u value at the radius of the observation wells was too large to permit
satisfactory application of the semi-log techniques such as that of Birsoy
and Summers for variable pumping rates The technique is appropriate for
analyses of aquifer tests in which the dimensionless parameter u - r S/4Tt
is less than 0 01

where r is the radial distance between the pumped well
and the observation well (feet),

S is the storage coefficient (dimensionless), and
T is transmissivity (feet /day)
t is the time since pumping started (days)

The parameter "u" is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is long The "u"
value at well REI-10-4 at the end of pumping well REI-10-2 was 0 50 using
the transmissivity and storage coefficients from the Boulton Delayed Yield
analysis in Figure A2-1. The semi-log technique would be applicable to the
pumped well, but the pumped well drawdown response was found to be highly
influenced by well bore storage

Well bore storage effects were significant for the entire pumping period
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in Section B-2 1 and shown
below

tc > 0 6(16-l)/( 672/34 01*) - 455 5 minutes

* drawdown at the last measurement in the pumping period, 99 minutes
after the start of pumping rather than at time tc

Drawdown values for the pumped well are included in the attached data
sheet Following the procedures of Birsoy and Summers (1980), an adjusted
time was calculated for the drawdown data and a dimensionless time was
calculated for the recovery data Well bore effects had a significant
influence on the entire portion of the response data Thus the semi-log
analysis technique could not be used to provide an estimate of the
transmissivity from the drawdown data from the pumped well Likewise,
since tc is greater than 455 minutes, the recovery data points are also
subject to significant well bore storage influences.
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LAGOON MARGIN

ERT-IA

?EI-IO-3

REI -P-IO-3

•REI-IO-I

> 0ERT-IOA
ERT-900ERT-9A

iEI-IO-4

.REI-P-IO-2
.REI-P-IO-4

IEI - IO-2

ROAD

PUMPED WELL

OBSERVATION WELL

CONTROL WELL

TEST LOCATION

N

t

FRENCH LIMITED TASKGROUP.INC
FRENCH LIMITED SITE

CROSBY, TEXAS

LOCATION MAP
WELL TEST REI-IO-2

8/8/88
PROJECT NUMBER 26

DATE REV 3KAWN CHECK. *PPHOV
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023801
RESOURCE ENGINEERING

SUBSURFACE EXPLORATION

Sheet _Lol _L_

LITHOLOGIC LOG AND CONSTRUCTION
OF REI 10-2

FUEKCH LTD. TASK CROUPClient
Proieel M.m. Fr«nch Ltd. 1986 F.I.
Project Lneaiinn Croiby. Texit
Job No 275-1*
Loggpd By_
Aooroved By .
nnllod By

. DRILLING AND SAMPLING INFORMATION
Dale Stifled B/B/B6 Dele Completed «/«/«*
Method OB >_ Total Deoih 48.n FFFT

L. Katrd
.Boring M«- 10-2

ccc

Screen Die. .
Slot Size
Casing Din. .

WELL COMPLETION INFORMATION
*" Lannlh ii.j

0-010" Tyoe PV£
Length.

_ ».

z
-

10 —
-i
-
-

20 -̂

—_

30 ~~

™
_

iO —

— t—
—_j

-£

DESCRIPTION

SURFACE ELEVATION 11.90

SAND AND GRAVEL

SLIGHTLY CLAYEY SAND

SILTY SAND

SILTY CLAY

SILT1.' SAND, gray green, icrong odor, wet

SL1UHTLY CLAYEY SAND, gray with yellovlih brown itain, lone lignite chip*

J si i TV rriv XL,

TO *?.o BORI::.: (8") DRILLED TO 36'. CONTINUOUSLY SAMPLED IN 3-7/8" BOKINC
TV i».S. IT?ER HOLE COMPARED VITII CONTINUOUS SAMPLE LOG FROM ADJACENT
IC-l. ELECTRIC LOGGED. FOUR INCH MONITOR WELL SET WITH FLUSH VALVE. I"
SCH *0 PVC FLUSH JOINTED CASING, AND 0.010" SLOT SCREEN F3 SAND USED If.
SAKD PACK, I/:" BENTONITE PELLETS IN SEAL GROUTED TO SURFACE WITH CEME::T/
BENTOKITE SLURRY. WELL CAPPED AND VENTED. ELEVATION OF TOP OF CASING
SURVEYED.

STRATUM
ELEVATION

IN FEET

2.9
.9

-16.1

-20.1

-30.1

-12̂ 4 —

6

s

A
M

PL
E

1

-L3

3

*

111a.
t-
Ul

â.

in

SS

SS

5?
aj

£ S
o y
O Iui e.
it <
* O

&

Ŝm

%y.

*;
*tf

-rr̂ rn
'•' 2

=
o

^ Ul

E g
0
0

£ «.̂ | '•;!
5> '• ; •••|O I., ,'.'

"i •"•• "••ts .'•' .'•s .-•• .-••
1 '.'•- '•:

• '1 ::-
•/• •':'

1 I

| ̂K «? i*
rx at SS
; •; WJ..
• .-••fe-3'1-

i iffot-.•̂••.fij-

u
?.

eu

S

-i

-1

-

-

SS
ST

SAMPLER TYPE
> DRIVEN SPLIT SPOON CA - CONTINUOUS FLIGHT AUGER
• PRESSED SHELBY TUBE RC - ROCK CORE

BQRIflQ METHOD
HSA - HOLLOW STEM ACGERS DC - DRIVING CARING
CFA - CONTINUOUS FLIGHT AUGERS MD - MUD DRILLING
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jjjj RESOUCE ENGINEERING
ISy SUBSURFACE EXPLORATION

Sheet l_ol _1_

LITHOLOGIC LOG AND CONSTRUCTION
OF REI 10-3

FRENCH LTD. TASK CROUP
frtnrh Ltd. 19H6 F.I.

Client
Proieei Name.
ProJOCt Laealinn Crmbv. T.«««
Job No 275-1*
Loog»<! By S. L. Bmrd
Approved By ______^__^__
Drilled By 5HL

.Boring Nn. 10-3

GRILLING AND SAMPLING INFORMATION
Dale Slaried 7/27/Bt Dale Completed
Method UB Total Depth ta.n

Screen Die. .
Slot Size
Citing Dia. .

WELL COMPLETION INFORMATION
4" Length 10.10*

0-010" Type
Length. 39. ht

N»

1-

™

-
—

~
10 —

-

E
20 -̂

^

30 —_

~
—
_

40 —i _

1 I_

50 ~"_

-_

-̂

DESCRIPTION

SURFACE ELEVATION 13.80

SURFACE FILL AKD GRAVEL

SAND AND GRAVEL

SL1CHTLY CLAYEY SAKD
SILTY SANU

SANDY SILT/CLAYEY SILT

SILTY SAND/SANDY SILT

/VERY SILTY CLAY, reddlnh brovn N

TL< 4S.O BORING (8") DRILLED TO 48'. ELECTRIC LOGGED AKD COMPARED WITH
CONTINtiOL'S SAMPLE LOG FROM ADJACENT 10-1. FOUR INCH MONITOR WELL SET
WITH FLUSH VALVE. 4" SCII 40 PVC FLUSH JOINTED CASING. AND 0.010" SLOT
SCREEN "3 SAND USED IN SAND PACK, 1/2" BF.NTONITE PELLETS IN SEAL.
GROUTED TO SURFACE WITH CEMENT/REN70IIITF. SLUKREY. WELL CAPPED AND VENTED
ELEVATION OF TOP OF CASING SURVEYED.

STRATUM
ELEVATION
IN FEET

10.7

4.3
Z.A

-18. &

-24.2

-33.7

-34. 2S

o
X
u

IA

'1

III
L
£

III

-1O.
3
M

ss

>> I
c C

0 !:
u 1u a
E 1

* «.

&

i3
e£

j
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:;•:

1
53 $

^

TTJ ;.•
it-. • •

£). >".
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V '•"

^ l"'
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E

L

r
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n
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:-:
-Z-
-;
.-.
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SAMPLER TYPE
SS - DRIVEN SPLIT SPOON CA • CONTINUOUS FLIGHT AUGER
ST • PRESSED SHELOV TUBE RC - ROCK CORE

BORING METHOD
HSA - HOLLOW STEU A'JOERS DC - DRIVING CAKING
CFA - CONTINUOUS FLI3HT AUGERS MO • MUD DRILLING
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RESOURCE ENGINEERING
SUBSURFACE EXPLORATION

Sheet _Loi J_

LITHOLOGIC LOG AND CONSTRUCTION
OF REI 10-4

FRENCH LTD. TASK CROUPClient
Project "»""• French Ltd. 19B6 F.I.
Proiect I nr«linn Cro«bv. !•«««
Job NO
Logged By —
ADoroved By
Drilled By

DRILLING AND SAMPLING INFORMATION
Dme Sorted 7/?a/gg _ Dale Completed
Method

.Boring Mn-
Total Death u.a FEFT

SKL

Screen Die..
Slot Size
Casing Did. .

WELL COMPLETION INFORMATION
4" Length n.in

o.oio" Type PVC
Length. 16.011

•* ̂

*• u.Ill

—
-
—™

10 —_

-

20 -I

jj

30 —_

—-

-
40 —

' =

50 -̂
~
-

-

-̂

DESCRIPTION

SURFACE ELEVATION 14.40

SURFACE FILL, rubber

SAND AND GRAVEL

CLAYEY SAND

SILTY SAND

SASCY SILT

CLAYEY SILT

SI.ICHTLT SILTY CLAY

SILTY SAND/SA::UY SILT

TP JS.Q BOK:::G (8") DRILLED TO 48. o1. ELECTRIC LOGGED AND COMPARED WLTH
CO::TI:,TOUS SAMPLE LOG FROM ADJACENT 10-1. FOUR INCH MONITOR WF.LL SET
WITH FLUSH VALVE. 4" SCII 40 PVC FLUSH JOINTED CASING AND 0.010" SLOT
SCr.EEi: « SAND USED III SAH!> PACK. 1/7" BENTONITE PELLETS IS SEAL.
CROl'TED TO S'.'P.FACE WITH CEMENT/ BENTOK1TE SLURRY. WELL CAPPED AND VEN7ZI).
ELEVATIdK OF TOP OF CASING SURVEYED.

STRATUM
ELEVATION
IN FEET

8.4

J.9

1.9

-14.1

-7.1

-20.6'

-22.6 '

-33.6 '
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SAMPLER 1YPE
SS - DRIVEM SPLIT SPOON CA • CONTINUOUS FLIGHT AUGER
ST • PRESSED SHELBY TUBE RC - ROCK CORE

BORIMCi METHOD
HSA - HOLLOW STEM AI/GERS oc - DRIVING CASINO
CFA • CONTINUOUS FLIGHT AUGERS MO • MUD DRILLING
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STEP DRAWDOWN TEST - WELL REI-10-2

Saturated Thickness 42 11 feet

static water level 5 89 feet

Date 8/8/88

0 00
1
2
00
50

4 50
6 00
7 33
9 00
11 00
13 33
15 17
15 50
20 00
22 50
27 50
32 17
36 50
39 00
40 00
41 50
43 00
45 00
50 00
55 00
62 50
67 00
72 00
77 00
83 00
89 00
98 00
99 00
105 00
106 50
107 00
107 63
108 17
108 80
109 40
110 00

5 89
8 08
9 50
12 17
13 63
15 39
17 29
19 33
21 13
22 58
23 75
26 58
28 00
30 88
33 29
33 75
33 54
34 75
34 88
34 96
35 10
35 70
36 40
37 60
38 00
38 50
38 30
39 25
39 57
39 87
39 90
39 20
38 45
38 00
37 50
37 00
36 50
36 00
35 50

LWDC

ft

0
2
3
6
7
9
11
13
15
16
17
20
22
24
27
27
27
28
28
29
29
29
30
31
32
32
32
33
33
33
34
33
32
32
31
31
30
30.
29

IWN ADJUSTED
DRAWDOWN

ft

00 0 00
19 2 14
61 3 46
28 5 81
74 7 02
50 8 43
40 9 86
44 11 30
24 12 48
69 13 38
86 14 07
69 15 61
11 16 31
99 17 57
40
86
65
86
99
07
21
81
51
71
11
61
91
36
68
98
01
31
56
11
61
11
61
11
61

18
18
18
18
19
19
19
19
19
19
19
19
20
20
20
20
20
20.
19
19
19
19
19
19
19

49
64
57
97
01
04
08
26
46
77
87
98
05
15
21
27
28
14
97
87
75
62
48
35
20

t-Ti Adjusted
time
mm

0 00
1 00
2 50
4 50
6 00
7 33
9 00
11 00
13 33
15 17
16 50
20 00
22 50
27 50

2
4
5
7
8
10
15
20
28
32
37
42
48
54.
63
64
5
6
7
7
8
8
9
10

00
50
50
00
50
50
50
50
00
50
50
50
50
50
50
50
00
50
00
63
17
80
40
00

32
118
93
89
85
83
81
80
82
86
89
93
98
103
108
116
117
1028
569
483
399
344
292
253
221

17
95
88
66
60
15
34
51
17
64
93
88
06
27
65
92
85
87
.99
34
13
03
30
35
73

s/Q RECOVERY t/t'
TIME-t'

mm

0 00
2 57
4 16
7 00
8 46
10 16
11 88
13 61
15 04
16 13
16 95
18 81
19 65
21 17
22
31
31
32
32
32
32
32
32
33
33
33
33
34
34
34
34
34
33
33
33
33
33
32
32

27
60
48
15
22
26
34
64
98
51
67
87
98
15
26
36
37
13
85
67
47
25
02
79
54

5 00 21 00
6 50 16 38
7 00 15 29
7 63 14 10
8 17 13 24
8 80 12 36
9 40 11 64
10 00 11 00
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110 68
112 00
113 43
114 80
116 47
118 20
119 97
121 87
123 97
126 23
128 63
131 15
133 77
136 33
139 90
143 02
146 53
150 37
154 53
16i+ 22
176 40
192 50
215 00
26f> 08
270 42

35.
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
15
13
11
9
7
6

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
86

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
9
7
5
3
1
0

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
97

19
18
18
18
17
17
16
16
15
15
14
14
13
13
12
11
11
10
9
8
6
4
3
1
0

05
73
38
02
62
21
77
31
82
31
77
22
63
03
40
75
07
37
64
12
51
80
00
10
96

10
12
13
14.
16
18
19
21
23
26
28
31
33
36
39
43
46
50
54
64
76
92
115
166
170

68
00
43
80
47
20
97
87
97
23
63
15
77
33
90
02
53
37
53
22
40
50
00
08
42

192
150
118
97
78
64
53
45
37
32
27
23
20
18
15
13
12
10
9
7
6
4
3
2
2

50
50
93
44
50
32
65
04
89
06
36
56
49
10
50
74
14
76
57
60
05
80
80
71
66

32 29
31 74
31 16
30 53
29 87
29 17
28 42
27 64
26 81
25 95
25 04
24 09
23 11
22 08
21 02
19 91
18 76
17 57
16 35
13 77
11 03
8 14
5 08
1 86
1 63

10 68 10 36
12 00 9 33
13 43 8 44
14 80 7 76
16 47 7 07
18 20 6 49
19 97 6 01
21 87 5 57
23 97 5 17
26 23 4 81
28 63 4 49
31 15 4 21
33 77 3 96
36 33 3 75
39 90 3 51
43 02 3 32
46 53 3 15
50 37 2 99
54 53 2 83
64 22 2 56
76 40 2 31
92 50 2 08
115 00 1 87
166 08 1 60
170 42 1 59
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OBSERVATION WELL - REI-10-3

STEP DRAWDOWN TEST OF WELL REI-10-2

Saturated Thickness 42 5 Date 8/8/88

£,tatic water level 5 5

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t'

min ft ft ft mm

0
1
2
3
4
5
6
7

8
q
10
11
1?
13
li.
15
20
2f
30
35
40
45
50
55
60
65
70

75
80
85
94
100
101
102
103
104
105

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
.00
00
00
00
00
00
00
00
00
00
00
00
00
00

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

5
5
5
5
5

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
51
51
51
51
51
51
51
50
50
50
50
50
50

50
50
50
50
50

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.
0
0.
0
0

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
00
00
00
00
00
00

00
00
00
00
00

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
00
00
00
00
00
00

00
00
00
00
00

1 00 101 00
2 00 51 00
3 00 34 33
4 00 26 00
5 00 21 00
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110
115
120
125
130
135
140
145
150
155
160
170
180
190
200
230
260

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

50
50
50
49
49
49
49
50
50
49
49
49
49
48
48
47
49

0
0
0
-0
-0
-0
-0
0
0
-0
-0
-0
-0
-0
-0
-0
-0

00
00
00
01
01
01
01
00
00
01
01
01
01
02
02
03
01

0
0
0
-0
-0
-0
-0
0
0
-0
-0
-0
-0
-0
-0
-0
-0

00
00
00
01
01
01
01
00
00
01
01
01
01
02
02
03
01

10
15
20
25
30
35
40
45
50
55
60
70
80
90
100
130
160

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

11
7
6
5
4
3
3
3
3
2
2
2
2
2
2
1
1

00
67
00
00
33
86
50
22
00
82
67
43
25
11
00
77
63

B-166



02.J8-18

OBSERVATION WELL - REI-10-4

STEP DRAWDOWN TEST OF WELL REI-10-2

Saturated Thickness 42 21 Date 8/8/88

static water level 5 79

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t'

min ft ft ft min

0
1
2
3
4
5
6
~7
t

8
9
10
11
12
12
14
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
94
100
101
102
103
104
105

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

5
5
5
5
5

79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
30
32
32
33
34
36
87
87
88
88
88
88
90
90
90

90
90
90
90
90

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
03
03
04
05
07
08
08
09
09
09
09
11
11
11

11
11
11
11
11

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0

0
0
0
0
0

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
03
03
04
05
07
08
08
09
09
09
09
11
11
11

11
11
11
11
11

1 00 101 00
2.00 51 00
3 00 34 33
4 00 26 00
5 00 21 00
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110
115
120
125
130
135
140
145
L50
L55
160
170
180
190
?00
230
260

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

90
90
90
88
88
88
87
87
86
85
84
82
81
80
80
77
74

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
-0
-0

11
11
11
09
09
09
08
08
07
06
05
03
02
01
01
02
05

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
-0
-0

11
11
11
09
09
09
08
08
07
06
05
03
02
01
01
02
05

10
15
20
25
30
35
40
45
50
55
60
70
80
90
100
130
160

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

11
7
6.
5
4
3
3
3
3
2
2
2
2
2
2
1
1

00
67
00
00
33
86
50
22
00
82
67
43
25
11
00
77
63
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REVISION

PREPARED BY APPLIED HYDROLOGY ASSOCIATES. DENVER CO



FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST August 9, 1988

PUMPED WELL REI-10-3

OBSERVATION WELLS REI-10-2, radial distance 80 88 feet,
REI-10-4, radial distance 72 96 feet and
ERT-1, radial distance 20 27 feet

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

The original work plan included testing well REI-10-3. In the review of
the work plan, Ms Kathleen O'Reiley of Region VI of the U S EPA expressed
concern that the REI-10-3 well may not be representative because of the low
transmissivity associated with the single well recovery analysis of the
short term (15 minute) test performed on May 26, 1988 It appeared that
the low transmissivity calculated from the short term single well test
results could have been due to well inefficiency as suggested by the low
pumping rate and large drawdown in this well Such well inefficiency would
also cause well bore storage effects to be significant for unconfined
conditions Well bore effects could also contribute to the lower
transmissivity estimate for this short term test

It was agreed by personnel from Region VI of the U S EPA that contractors
to the French Limited Task Group, Inc would perform a step drawdown or
variable rate test on wells REI-10-2, REI-10-3 and REI-10-4 in order to
select a well for a six- to eight-hour pumping test The contractors
performing the pump test, Applied Hydrology Associates, Inc (AHA) and ERT,
proposed to pump each well for 30 minutes at 1.5 gpm, then raise the
pumping rate to 2 5 gpm for 30 minutes and then pump for an additional 30
minutes at a higher rate if drawdown had not approached the pumping level
It was agreed that the test would be terminated if drawdown to the pump
caused the pumping rate to drop significantly Recovery measurements would
be taken following termination of pumping

A variable rate test was performed on well REI-10-3 by AHA and ERT
personnel Lithologic and well completion logs and an illustration of the
location of the pumped well, REI-10-3, and the observation wells, ERT-1,
REI-10-2 and REI-10-4, precede the aquifer test data which follow

Prior to pumping the well, the depth to static water level below the top of
casing in the pumped well and the observation wells were measured using an
electronic well sounder with accuracy to .01 feet. Well REI-10-3 was
pumped with a submersible pump and water level measurements were taken with
an electronic sounder on the pumped well and on wells REI-10-2, REI-10-4
and ERT-1
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The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined condition-

s' - s-s2/2Ho

where s' - adjusted drawdown
s — drawdown and
Ho - initial saturated thickness

The attached data sheets present the measurements for the pumped well and
the observation wells during the pump test and recovery period The data
sheets include the observed drawdowns and the corrected drawdowns

Well REI-10-3 was pumped at 0 5 gpm for the first 30 minutes The flow
rate as measured by an in-line Rotometer was verified with bucket and stop
watch measurements After 30 minutes, the pumping rate was raised to 1 0
gpm The one gallon per minute rate could be sustained for only 12 minutes
until drawdown reached the pump level Pumping was terminated at that
point. The total pumping time was 42 minutes Recovery measurements were
taken in the pumping well for about 470 minutes following termination of
pumping Recovery measurements were also taken on the nearest well, ERT-1,
for about 270 minutes following termination of pumping

Water produced from the test was pumped directly into the French Limited
Lagoon

INTERPRETATION

The observation wells ERT-1, REI-10-3 and REI-10-4 showed a very slight
response due to pumping well REI-10-3 The water levels in the observation
wells dropped during the latter portion of the pumping period but the
drawdown response was too slight to allow for a satisfactory match with a
The is curve or a Boulton Delayed Yield curve The drawdown data sheets are
attached

The u value at the radius of the observation wells was too large to permit
satisfactory application of the semi-log techniques such as that of Birsoy
and Summers for variable pumping rates The technique is appropriate for
analyses of aquifer tests in which the dimensionless parameter u - r S/4Tt
is less than 0 01

where r is the radial distance between the pumped well
and the observation well (feet),

S is the storage coefficient (dimensionless),
T is transmissivity (feet2/day), and
t is the time since pumping started (days)

The parameter "u" is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is long The "u"
value at the end of pumping at the nearest observation well ERT-1, located
20.27 feet from the pumped well, was 0 17 using the transmissivity and
storage coefficients from the Boulton Delayed Yield analysis in Figure A2-
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1 The semi-log technique would be applicable to the pumped well, but the
pumped well drawdown response was found to be highly influenced by well
bore storage.

Well bore storage effects were significant for the entire pumping period
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in Section B-2 1 and shown
below.

tc > 0 6(16-l)/( 643/24 18*) - 338 minutes

* drawdown at the last measurement in the pumping period, 42 minutes
after the start of pumping rather than at time tc

Drawdown and recovery values for the pumped well are included in the
attached data sheet Well bore effects had a significant influence on the
entire portion of the response data. Thus the semi-log analysis technique
could not be used to provide an estimate of the transmissivity from the
drawdown data from the pumped well Likewise, since tc is greater than 338
minutes, only the last four recovery data points are in the range where
well bore influences are minimal

A Theis (1935) recovery analysis of the last four recovery points for the
production well REI-10-3 was performed The adjusted residual drawdown
datza from the recovery period for the pumped well were analyzed using the
nonproprietary pump test program RECOVERY (Beljin, 1986) available from the
In-ernational Groundwater Modeling Center The technique is appropriate
for analyses of measurements in the pumped well when the dimensionless
parameter "u" is less than 0 01 and the data are not influenced by well
bore storage The solution involves fitting a straight line to a plot of
adjusted residual drawdown on an arithmetic scale against the ratio t/t'
(where t is time since pumping started, and t' is time since pumping
stopped) on a log scale

The change in drawdown over one log cycle of time is used to calculate
transmissivity. The RECOVERY program allows the user to interactively
specify which data are to be used in fitting the straight line

Using the last four data points from the recovery period plus the
additional point of zero residual drawdown at t/t' - 1, and an average
pumping rate of 0 643 gpm, the resulting transmissivity estimate is four
gpc/ft The average hydraulic conductivity was determined to be 1 9x10
cm/sec The storage coefficient could not be determined from the single
well test. The results of this analysis are attached

The results are thought to be fair and provide only order-of-magnitude
estimates because of the variable pumping rate and because only four data
points over a vary narrow range of log t/t' were considered to be
satisfactory for use in the interpretation. Nevertheless, the recovery
data are less sensitive to the variable pumping rate and the coefficient of
determination of the curve fit to the data was 0 989 indicating a very good
fit Consequently, the results of this recovery analysis are thought to
provide a valid characterization of the transmissivity of the upper
alluvial zone in the vicinity of well REI-10-3
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ENGINEERING
SUBSURFACE EXPLORATION

Sheel I_ ol _1_

LITHOLOGIC LOG AND CONSTRUCTION
OF REI 10-3

FRENCH LTD. TASK CROUP
French Led. 1988 F.I.Project Name.

Projaet Location Crnibv. T«*««
J0«> No 275-14 Boring Mn. 10-1

DRILLING AND SAMPLING INFORMATION
Date Started 7/27/86 Dale Completed lliiixi,
Method JUL. Tolil Denih i» n rrrr

Logged Bv_
Approved By ,

s. L. g.ird

SUL

Screen Die. .
Slot Size
Casing Dia. .

WELL COMPLETION INFORMATION
4" Length 10.30*

Tyoe"•"I"11 >vc
length 39. M>
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DESCRIPTION

SURFACE ELEVATION 13.80

SURFACE FILL AND GRAVEL

SAND AND GRAVEL

SLIGHTLY CLAYEY SAKD
S1L7Y SAND

SANDY SILT/CLAYEY SILT

SILTY SAND/SANDY SILT

XvESY SILTY CLAY, reddlih brown N

TD 4S.O BORING (8") DRILLED TO 48'. ELECTRIC LOGGED AND COMPARED WITH
CO::TI::MSUS SAMPLE LOG FROM ADJACENT 10-1. FOUR INCH MONITOR WELL SET
KIT!! FLUSH VALVE, 4" SCH 40 PVC FLUSH JOINTED CASING. AND 0.010" SLOT
SCREE" n S/J.'D USED IN SAND PACK. 1/2" BEI.TONITE PELLETS IN SEAL.
GRO'.'TED TO SURFACE WITH CEMENT/BEIITONITE SLURREY. WELL CAPPED AND I'EI-TED
ELEVATION OF TOP OF CASING SURVEYED.
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SAMPLER TYPE
ss • OPIVEM SPLIT SPOON CA • CONTINUOUS FLIGHT AUGER HSA
ST • PRESSED SHELBY TUBE RC - ROCK CORE CFA

BQHINC METHOD
HOLLOW STEM AUGERS OC - DRIVING CARING

• CONTINUOUS TLI3HT AUGERS MO - MUO ORILLINO
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RESOURCE ENGINEERING
SUBSURFACE EXPLORATION

Sheei_Loi -L

LITHOLOGIC LOG AND CONSTRUCTION
OF REI 10-2

FRENCH LTD. CROUPClient
Project M.n.» French Ltd. 1986 F.I.
Project i nr.iinn Croaby. Tamil
Job No "5-1*
Logged ny S. L. Eaird
Aooroved By
Drilled By SEE

.Boring NO. 10-2

DRILLING AND SAMPLING INFORMATION
Dale Started 8/8/86 Date Completed i/H/aft
Method SIB Total Depth *B.Q T

WELL COMPLETII
Screen Oia..
Slot Size
Casing Dia. .

WELL COMPLETION INFORMATION
t" Lenalh IVTV

0.010" Tyoe PVC
L»nnlh 36.61
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DESCRIPTION

SURFACE ELEVATION 11.90

SAND AND GRAVEL

SLIGHTLY CLAYEY SAND
5ILTY SAND

1

S1LTY CLAY

SIZ.7Y SAND, gray green, atrong odor, wet

SLIGHTLY CLAYEY SANK, grny with yellevlih broun stain, lome lignite cliiis

_ySILTY CLAY \_

1? ti.O lORINCi (8") DRILLED TO 36'. CONTINUOUSLY SAMPLED IN 3-7/8" BORIHC
TU i9.5. UPPF.R HOLE COMPARED WIT1I COBT1 HUO'.'S SAMPLE LOG FROM ADJACENT
1C-1. ELECTRIC LOGGED. FOUR INCH MONITOR WELL SET WITH FLUSH VALVF.. t"

-1 SCH 40 PVC FLUSH JOINTED CASING. AI.'D 0.010" SLOT SCREEN C3 SAi:n USED V.-
-J SAND PACK, 1/2" BENTONITE PELLETS IN SEAL CROL'TED TO SURFACE WITH CLIENT/
d RENTONITE SLURRY. WELL CAPPED AND VENTED. ELEVATION OF TOP OF CASING
H SURVEYED.
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SAMPLER TYPE '. ••,,.
DRIVE') SPLIT SPOOU CA - CONTINUOUS.FLIGHT AUGED
PRESSED SHELBY TUBE RC - ROCK CORE ' '

BQHINO METHOD
HSA • HOLLOW STEM AUGERS DC - DRIVING CARING
CFA - CONTINUOUS FLIGHT AUGERS MD - MUD DRILLING
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JUI RESOURCE ENGINEERING
SUBSURFACE EXPLORATION

Sheel J_ol J_

LITHOLOGIC LOG AND CONSTRUCTION
OF REI 10-4

FRENCH LTD. TASK CROUP
Project M«mn French

Location Crn»bv. Tanaa
I NO. . S7S-14 .Boring No.__lfl=4_

DRILLING AND SAMPLING INFORMATION
Due Started 7/7R/RK Oil* Completed T/IR/PH
Method US Toial Depth 4«.o FEET

Approved By ,
Drilled By SWL

Screen Die..
Slot Size
Gating Dia.

WELL COMPLETION INFORMATION
«" Length n.iin'

O.nin" Type pvr
Lanolh IS. 99
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DESCniPTION

SURFACE ELEVATION 14.40

SURFACE FILL, rubber

SAI.'D AND GRAV"

CLAYEY SAND

SILTY SAND

'

SANBY SILT

CLAYEY SILT

SI. I CHI LY SI LTV CLAY

SILTY SAND/SA:::-Y SILT

TD 48. U BORING (R") DRILLED TO 48.0'. ELECT lUC LOGGED AND COMPARED WITH
CONTINUOUS SA.'1-LE LOG FROM ADJACENT 10-1. FOUR INCH MONITOR WELL SET
WITH FLUSH VALVE. 4" SCH 40 PVC FLUSH JOINTED CASING AND 0.010" SLOT
SCREEN »3 SAND USED III SAND PACK, 1/2" BENTONITE PELLETS IN SEAL.
GROUTED TO SIT.FACE WITH CEHKMT/BENTOKLTE SLUP.RV. WELL CAPPED AND VEKTi'U.
ELEVATION OF TOP OF CASING SURVEYED.
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SAMPLER TYPE
> onivcN S'-LH SPOON CA - CONTINUOUS FLIQHT AUGER
• PRESSED SHELBY TUBE .RC - ROCK CORE

BORIHO METHOD
HSA • HOLLOW STEM AU3EI1S DC •
CFA • CONTINUOUS FLIGHT AUGERS MD •

DniVINO CASINO
UUD DRILLING
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A RESOURCE ENGINEERING COMPANY

riURM-3 Sh,,,L.lL
LITHOLOGIC LOG AND CONSTRUCTION

OF MW- pBT ,
Ci.*m I-repch Ltd, Task Group
Pioieci Namt
FIOICCI LocMign.
Job No Z /5- .
logged B- Si
»BD'o»ttJ By __
Oniifd Bv i

&och Ltd
Tfinrpmetl

DRILLIt'CiMlp.SAMI'lING INFORMATION/i i /o_
DIII Si.titf J / J j / o ' out Comnltitii^/ J J / B /

M«lhBd RW Toil! Dtnth SO
WELL COMPLETION INFORMATION

get«»n m. 4" L«noih 30 fee
Slot Silt II JU" » 1VD, P
Oiling Oil. __

eet
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DISCMIPIIOII

iu«r*ci iitvAiiori

SILTY SAiND-gray, medium to fine grain, wet,
asorted multicolored fines, odor

thin gravel ledge.- slight odor, -dark gray
sludge

ANDY CLAY-gray, multicolor gravels washing
rom above
ANDY SILT 6 SILTY. SAND- tan, strong odor

ERY SILTY CLAY-gray and white ,odor

DUMA r I UK UlANUbb iNiuiu-Ktiuu ui UIANIJLS
N DRILLING RATE, CUTTINGS IN MUD PIT, AND
OGS FROM ADJACENT WELLS. WELL BORE WASHED
0 $ FEET WITH A ROTARY WASH DRILLING RIG
ING A SODIUM BENTONITE MUD. CASING INSTALL!
AND PACKED AND SEALED WITH ]/2" BENTONITE
'ELLETS, PRESSURE" GROUTED TO THE SURFACE
HTII CLASS 1 CEMENT/ BENTONITE SLURRY VIA
•RKMIE PIPE. WELL CAPPED, VENTED, NOTCHED
>ND COVERED WITH A CAST IRON STANDPIPE.
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02381.9

STEP DRAWDOWN TEST - WELL REI-10-3

Saturated Thicknes 42.68 feet

static water level 5.32 feet

TIME-t DEPTH

min ft

DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t'

ft ft min

0
1

1.5
2

2.5
3

3.5
4

4.5
5
6
7
8

9.5
10
11
12
13

15.5
16
18
19
20

22.5
24
26
30
31
34
38
40
41
42

44.5
46

47.42
48.75
50.2
51.63

5.32
6.67
7.02
7.43
7.7
8.13
8.4
8.7
8.95
9.37
10.52
11.6
12.53
14.1
14.62
16.61
16.55
17.3
19.52
19.84
21.25
21.4
21.88
22.77
23.07
23.37
25.68
26.24
28.68
30.52
31.25
30.25
29.5
28.5
28

27.5
27

26.5
26

0 0
1.35 1.328649
1.7 1.666143
2.11 2.057843
2.38 2.313641
2.81 2.717496
3.08 2.968865
3.38 3.246162
3.63 3.475631
4.05 3.857843
5.2 4.883223
6.28 5.817975
7.21 6.601001
8.78 7.876902
9.3 8.286761

11.29 9.796746
11.23 9.752576
11.98 10.29864
14.2 11.83776
14.52 12.05010
15.93 12.95712
16.08 13.05087
16.56 13.34732
17.45 13.88272
17.75 14.05901
18.05 14.23319
20.36 15.50374
20.92 15.79293
23.36 16.96719
25.2 17.76044
25.93 18.05318
24.93 17.64901
24.18 17.33051
23.18 16.88533
22.68 16.65396
22.18 16.41673
21.68 16.17364
21.18 15.92470
20.68 15.66989

2.5 17.8
4 11.5

5.42 8.749077
6.75 7.222222
8.2 6.121951
9.63 5.361370
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023820

53.18
54.78
56.58
58.45
60.33
62.37
64.5
66.57

69
71.33
74.28
77.13
80.32
83.63
87.15

91
95.05
99.53
104.33
109.6
115.25
121.42
135.7
152.62
173.83
200.38
281.72

313
345.5
375
411
435
515

25.5
25

24.5
24

23.5
23

22.5
22

21.5
21

20.5
20

19.5
19

18.5
18

17.5
17

16.5
16

15.5
15
14
13
12
11
9

8.47
8.05
7.67
7.33
7.16
6.66

20.18 15.40923
19.68 15.14271
19.18 14.87034
18.68 14.59210
18.18 14.30801
17.68 14.01806
17.18 13.72226
16.68 13.42059
16.18 13.11307
15.68 12.79970
15.18 12.48046
14.68 12.15537
14.18 11.82441
13.68 11.48761
13.18 11.14494
12.68 10.79641
12.18 10.44203
11.68 10.08179
11.18 9.715702
10.68 9.343748
10.18 8.965937
9.68 8.582268
8.68 7.797357
7.68 6.989015
6.68 6.157244
5.68 5.302043
3.68 3.521349
3.15 3.033757
2.73 2.642688
2.35 2.285303
2.01 1.962669
1.84 1.800337
1.34 1.318964

11.18 4.756708
12.78 4.286384
14.58 3.880658
16.45 3.553191
18.33 3.291325
20.37 3.061855
22.5 2.866666
24.57 2.709401

27 2.555555
29.33 2.431980
32.28 2.301115
35.13 2.195559
38.32 2.096033
41.63 2.008887
45.15 1.930232

49 1.857142
53.05 1.791705
57.53 1.730053
62.33 1.673832
67.6 1.621301
73.25 1.573378
79.42 1.528834
93.7 1.448239

110.62 1.379678
131.83 1.318592
158.38 1.265184
239.72 1.175204

271 1.154981
303.5 1.138385
333 1.126126
369 1.113821
393 1.106870
473 1.088794
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STEP DRAWDOWN TEST - WELL REI-10-3

OBSERVATION WELL REI-10-2

Saturated Thicknes 42.14 feet

static water level 5.86 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t'

min ft ft ft nin

0 5.86 0.00 0.00
5 5.86 0.00 0.00
10 5.86 0.00 0.00
15 5.86 0.00 0.00
20 5.86 0.00 0.00
25 5.87 0.01 0.01
30 5.87 0.01 0.01
40 5.87 0.01 0.01
45 5.87 0.01 0.01 3.00 15.00
50 5.86 0.00 0.00 8.00 6.25
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STEP DRAWDOWN TEST - WELL REI-10-3

OBSERVATION WELL REI-10-4

Saturated Thicknes 42.21 feet

static water level 5.79 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t'

min ft ft ft min

0 5.79 0.00 0.00
5 5.79 0.00 0.00
10 5.79 0.00 0.00
15 5.79 0.00 0.00
20 5.79 0.00 . 0.00
25 5.8 0.01 0.01
30 5.8 0.01 0.01
40 5.8 0.01 0.01
50 5.79 0.00 0.00 8.00 6.25
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STEP DRAWDOWN TEST - WELL REI-10-3

OBSERVATION WELL ERT-1

Saturated Thicknes 43.34 feet

static water level 6.66 feet

TIKE-t DEPTH

min ft

DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-f

ft ft min

0
5
10
15
20
25
30
40
50
60
75
90
120
150
180
210
285
315

6.66
6.66
6.66
6.68
6.68
6.7
6.72
6.72
6.7
6.7
6.68
6.68
6.68
6.67
6.67
6.66
6.63
6.63

0 0
0 0
0 0

0.02 0.019995
0.02 0.019995
0.04 0.039981
0.06 0.059958
0.06 0.059958
0.04 0.039981
0.04 0.039981
0.02 0.019995
0.02 0.019995
0.02 0.019995
0.01 0.009998
0.01 0.009998

0 0
-0.03 -0.03001
-0.03 -0.03001

8 6.25
18 3.333333
33 2.272727
48 1.875
78 1.538461
108 1.388888
138 1.304347
168 1.25
243 1.172839
273 1.153846
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023814
******************************************************** *
*
*
*

program: Recovery
version: IBM PC 1.0

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD.

*
*
*
*
*

* *
*******************************************************

PROJECT..
LOCATION.
HELL
DATE

FRENCH LIMITED
CROSBY. TX
REI 10-3
8/9/88

STATIC HATER LEVEL S.W.L. = 5.32 [ft]
DISCHARGE RATE = .643 [gpm]
DURATION OF PUMPING PERIOD... = 42 [min]

NO TIME t'Cmin] TIME t [min] t/tf DRAWDOWN s'[ft] DEVIATION

1
2
3
4
5

6

333.00
369.00
393.00
473.00
110000.00

X10000.00

375.00
411.00
435.00
515.00
X10042.00

t 10042. 00

1.13
1.11
1.11
1.09

1.00

1.00

2.285

1.963
1.800
1.319

0.000

0.000

+.134E+00

+.213E-01

-.226E-01

-.190E+00
+.287E-01

+.287E-01

TRANSMISSIVITY T » .599E-05 [ft2/s]
T - 4 [gpd/ft]

DATA SEGMENT ANALYZED :

- starting with data pair 1
- ending with data pair 6

DETERMINATION COEFFICENT = .9886292

******************************************************
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 5, 1988

PUMPED WELL: REI-10-4

OBSERVATION WELLS: REI-10-2, radial distance 53.77 feet and
REI-10-3, radial distance 72.96 feet

CONTROL WELLS: none

BACKGROUND AND DESCRIPTION OF TEST:

The original work plan included testing well REI-10-3. In the review of
the work plan, Ms. Kathleen O'Reiley of Region VI of the U.S. EPA expressed
concern that the REI-10-3 well may not be representative because of the low
transmissivity associated with the single well recovery analysis of the
short term (15- minute) test performed on May 26, 1988. It appeared that
the low transmissivity calculated from the short term single well test
results could have been due to well inefficiency as suggested by the low
pumping rate and large drawdown in this well. Such well inefficiency would
also cause well bore storage effects to be significant for unconfined
conditions. Well bore effects could also contribute to the lower
transmissivity estimate for this short term test.

It was agreed by personnel from Region VI of the U.S. EPA that contractors
to the French Limited Task Group, Inc. would perform a step drawdown or
variable rate test on wells REI-10-2, REI-10-3 and REI-10-4 in order to
select a well for a six- to eight-hour pumping test. The contractors
performing the pump tests, Applied Hydrology Associates (AHA) and ERT,
proposed to pump each well for 30 minutes at 1.5 gpm, then raise the
pumping rate to 2.5 gpm for 30 minutes and then pump for an additional 30
minutes at a higher rate if drawdown had not approached the pumping level.
It was agreed that the test would be terminated if drawdown to the pump
caused the pumping rate to drop significantly. Recovery measurements would
be taken following termination of pumping.

A variable rate test was performed on well REI-10-4 by ERT personnel.
Lithologic and well completion logs and an Illustration of the location of
the pumped well, REI-10-4, and the observation wells, REI-10-2 and REI-10-
3, precede the aquifer test data which follow.

Prior to pumping well REI-10-4, the depth to static water level below the
top of casing in the pumped well and the observation wells was measured
using an electronic well sounder with accuracy to .01 feet. The well was
pumped with a submersible pump and water level measurements were taken with
an electronic sounder on the pumped well and on wells REI-10-2 and REI-10-
3.
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02

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions:

s' - s-s2/2Ho

where: s' - adjusted drawdown
s - drawdown and
Ho - initial saturated thickness

The attached data sheets present the measurements for the pumped well and
the observation wells during the pump test and recovery period. The data
sheets include the observed drawdowns and the corrected drawdowns.

Veil REI-10-4 was pumped at 1.5 gpm for 30 minutes. The well was allowed
to recover for 75 minutes and was then pumped at 2.5 gpm until the pump
broke suction after 26 minutes. Recovery measurements were not taken.

Flow rates were measured with an in-line Rotometer but were not checked
with bucket and stop watch measurements. Water from the test was pumped
directly into the French Limited Lagoon.

INTERPRETATION:

The observation wells REI-10-3 and REI-10-2 showed a very slight response
due to pumping well REI-10-4. The water levels in both wells dropped
during the latter portion of the pumping period but the drawdown response
was too slight to allow for a satisfactory match with a The is curve or a
Boulton Delayed Yield curve. Furthermore, the variable pumping rate would
have rendered any match curve estimates of questionable validity.

The u value at the radius of the observation wells was too large to permit
satisfactory application of the semi-log techniques such as that of Birsoy
and Summers (1980) for variable pumping rates. The technique is
appropriate for analyses of aquifer tests in which the dimensionless
parameter u - rZS/4Tt is less than 0.01:

where r is the radial distance between the pumped well
and the observation well (feet),

S is the storage coefficient fdimensionless),
T is the transmissivity (feetz/day), and
t is the time since pumping started (days).

The parameter "u" is less than 0.01 when the radial distance to the
observation well is small or when the time of pumping is long. The "u"
value at the end of pumping at the nearest observation well REI-10-2,
located 53.77 ft from the pumped well, was 0.385 using the transmissivity
and storage coefficients from the Boulton Delayed Yield analysis in Figure
A2-1. The semi-log technique would be applicable to the pumped well, but
the pumped well drawdown response was found to be highly Influenced by well
bore storage.
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Well bore storage effects were significant for the entire pumping period.
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in Section B-2.1 and shown
below:

tc > 0.6(16-1)/(1.5/18.62*) - 118 minutes

* drawdown at the end of the 30 minute constant pumping period rather
than at time tc.

Drawdown data for the pumped well are included in the attached data sheet.
Recovery measurements were not taken. Well bore effects had a significant
influence on the entire portion of the response data. Thus the semi-log
analysis technique could not be used to provide an estimate of the
transmissivity from the drawdown data from the pumped well.

The data from this test could not be used to provide a satisfactory
interpretation of aquifer characteristics because of the variable pumping
rate, the short duration of test and the lack of recovery measurements.
The aquifer characteristics determined from the response in observation
well REI-10-A during the pump test of well ERT-10 provide the best
information in the vicinity of the well REI-10-4. These estimates,
transmissivity of 145 gpd/ft, hydraulic conductivity of 2.3x10 cm/sec and
storage coefficient of 0.00079 are remarkably close to the estimates
obtained from the response in well REI-10-4 during the step test of well
REI-10-2.
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STEP DRAWDOWN TEST - WELL REI-10-4

Saturated Thicknes 48 feet

static water level 5.68 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t'

min ft ft ft nin

0
0.5
1

1.5
2

2.5
3

3.5
4

4.5
5
6
7
8
9
10
12
14
16
18
20
22
24
26
28
30
106

106.5
107

107.5
108

108.5
109

109.5
110
111
112
113
114

5.68
6.1
6.65
7.2
7.8
7.9
7.95

8
9.15
10

11.14
12.65
13.75
14.6
15.2
16

17.7
19.05
20.15
21.1
21.82
22.48

23
23.45
23.8
24.3
11.9
13.02
14.65
15.2
16.15

17
18.15
19.12
20.05
22.15
24.27
26.05
27.2

40.5
41 2.609756

41.5 2.590361
42 2.571428

42.5 2.552941
43 2.534883

43.5 2.517241
44 2.5
45 2.466666
46 2.434782
47 2.404255
48 2.375
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115 28.55 49 2.346938
117 30.52 51 2.294117
119 32.15 53 2.245283
121 33.7 55 2.2
123 34.72 57 2.157894
125 35.7 59 2.118644
127 35.15 61 2.081967
129 36.4 63 2.047619
131 broke suction 65 2.015384
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STEP DRAWDOWN TEST - WELL REI-10-4

OBSERVATION WELL REI-10-2

Saturated Thicknes 48 feet

static water level 5.83 feet

TIME-t DEPTH

min

0
0.5
1.5
2.5
3.5
4.5
6
8
10
12
14
17
22
26
30

107.5
109.5
113
115
117
119
121
127
131

H DRAWDOWN ADJUSTED
DRAWDOWN

:t

5.83
5.78
5.78
5.78
5.78
5.78
5.78
5.78
5.8
5.8
5.8
5.8
5.8
5.82
5.85
5.85
5.85
5.85
5.85
5.85
5.85
5.86
5.86
5.92

ft

0.00
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.03
-0.03
-0.03
-0.03
-0.03
-0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.09

ft

0.00
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.03
-0.03
-0.03
-0.03
-0.03
-0.01
0.02
0.02
0.02
0:02
0.02
0.02
0.02
0.03
0.03
0.09

B-19A



02.1836

STEP DRAWDOWN TEST - WELL REI-10-4

OBSERVATION WELL REI-10-3

Saturated Thicknes 48 feet

static water level 5.41 feet

TIME-t DEPTH DRAWDOWN ADJUSTED
DRAWDOWN

min ft ft ft

0
1
2
3
4
5
7
9
11
13
15
19
24
28
32
107
109
112
114
116
118
120
124
129
131 broke suction

5.41
5.37
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4
5.4

0.00
-0.04
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01

0.00
-0.04
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 9, 1988

PUMPED WELL: ERT-7

OBSERVATION WELLS: ERT-7A, radial distance 11.2feet
ERT-8, radial distance 9.2 feet and
ERT-8A, radial distance 14.3 feet

CONTROL WELLS: REI-10-4, ERT-1 and REI-6-2

BACKGROUND AND DESCRIPTION OF TEST:

Well ERT-7 was identified in the water sampling program as one of the most
productive wells about the French Limited site. However, the preliminary
aquifer test program described in Attachment 1 above did not show the
transmissivity at this well to be higher than other wells thought to be
less productive. Since the preliminary testing program results were based
on short pumping periods with possible error in the flow estimates, it was
decided to perform a longer term controlled test on well ERT-7.
Additionally, the test was conducted to provide information about aquifer
characteristics in the vicinity of possible groundwater recovery wells
south of the French Limited Lagoon. With the nearby observation wells ERT-
8, ERT-8A and ERT-7A, personnel performing the aquifer test were assured of
obtaining response information which could be used to derive estimates of
storage coefficients and vertical hydraulic conductivities as well as
provide estimates of transmissivity.

During the preliminary shallow aquifer test, well ERT-7 was pumped at 12.6
gpm for 9.6 minutes. Maximum drawdown was about 12.4 feet. Based on these
results and discussions with individuals involved in sampling the wells, it
was decided to pump well ERT-7 at about six gpm for the anticipated eight-
hour test.

Lithologic and well completion logs and an illustration of the location of
the pumped well, ERT-7, and the observation wells precede the aquifer test
data which follow.

Prior to pumping the well, the depth to static water level below the top of
casing in the pumped well and the observation wells was measured using an
electronic well sounder with accuracy to .01 feet. The well was pumped
with a submersible pump and water level measurements were taken with an
electronic sounder at the pumped well, at the observation wells and at the
control wells.

Drawdown values determined from water level measurements in wells ERT-7 and
ERT-8 were adjusted using Jacob's (1963) correction to allow the solutions
for confined aquifers to better apply to unconfined conditions:
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s' - s-s2/2Ho

where: a' - adjusted drawdown
s - drawdown and *
Ho - Initial saturated thickness

The attached data sheets present the measurements for the pumped well, the
observation wells and the control wells during the pump test and recovery
period.

The test was started and the flow rate as measured by a Rotometer was set
at the maximum rate of six gpm. Subsequent measurements with a five-gallon
bucket and stop watch showed this pumping rate to hold constant at 6.67 gpm
throughout the entire test. Total pumping time was 8.25 hours.

The control wells were monitored approximately hourly during the pumping
period. Water level measurements were taken periodically at the pumping
well and the observation wells during the first four hours following
termination of pumping. An additional water level measurement was taken
about 10.5 hours following termination of pumping.

Water produced from the test was pumped directly into the French Limited
Lagoon.

INTERPRETATION:

The control wells ERT-1, REI-10-4, and REI-6-2 showed no obvious trends
during pumping. The water levels in all three wells fluctuated within
about 0.1 feet (see attached data sheets and plots). In all three wells
the highest water levels were observed at about 17:40 (5:40 p.m.). In the
control wells REI-10-4 and ERT-1, the lowest water levels were observed
near the end of the test. However, the total water level drop in these two
wells was only 0.07 and 0.05 feet respectively. Based on the pattern of
fluctuations seen in the control wells, it was thought that there was no
basis to adjust observation well measurements for extraneous influences.
Also, it was concluded that there was no obvious response in the control
wells due to pumping ERT-7 for 8.25 hours.

By use of the transmissivity and storage coefficients from the The Is
Recovery analysis (Figure A2-4), the dimensionless parameter u - r2S/4Tt at
the radius of the observation well, ERT-8 was less than 0.01 after 68
minutes of pumping.

Based on the "u" parameter criterion, the semi-log techniques would be
applicable to nearly the entire data range for the pumped well except that
portion subject to well bore storage influences. The time when well bore
effects were no longer significant was calculated using the method of
Schafer (1978) described in Section B-2.1 and shown below:

tc - 0.6(16-l)/(6.67/5.27*) - 7.11 minutes

* drawdown at time tc - 7 min.
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Adjusted drawdown for wells ERT-7 and ERT-8 were plotted against the log of
time on the attached Cooper and Jacob (1946) semi-log plots as provided in
Figures A2-2 and A2-3. Delayed yield effects that are often typical of
water table pump test response (see Neuman, 1975) were not obvious in
either plot but could be associated with the slight flattening of the semi-
log response curve between 20 and 80 minutes into the test. It is also
possible that the more rapid decline near the end of the test was due to
the influence of the lower permeability zones known to exist to the east,
west and south of well ERT-7. These lower permeable zones would exhibit
such an impermeable-boundary effect. Aquifer characteristics were
calculated using the results of the drawdown analysis. However, it was
concluded that the analysis of the recovery data would provide more
accurate results because of the longer duration of the recovery measurement
period and the fact that the recovery data would be less sensitive to
fluctuations in pumping rates.

The water level recovery data from wells ERT-7 and ERT-8 were analyzed on
semi-log Theis (1935) recovery plots of residual drawdown values adjusted
using Jacob's correction versus the log of t/t', where t is time since
pumping started and t' is time since pumping stopped. The residual
drawdown plots in Figures A-4 and A-5 did not exhibit the fluctuations
apparent in the drawdown analyses. It is quite possible that the influence
of the lower permeability of the aquifer beyond the zone around the pumping
well has resulted in a slight decline in the recovery observed in the last
measurements. Nevertheless, there was no apparent influence of the lagoon
boundary in the recovery measurements.

Transmissivity values computed from the residual drawdown (recovery)
analyses were 1387 gpd/ft. and 1854 gpd/ft for wells ERT-8 and ERT-7,
respectively. The storage coefficient determined from the residual
drawdown analysis from observation well ERT-8 was 0.0041. This storage
coefficient is comparable to the upper range observed in confined aquifers.
This storage coefficient represents the early test or type A results from
Neuman (1975) and does not represent the specific yield of the unconfined
aquifer.

Results from observation wells ERT-7A and ERT-8A cannot be interpreted by
conventional techniques nor provide meaningful results. The delay in the
response of these wells is indicative of values of vertical hydraulic
conductivity that are much lower than the horizontal hydraulic
conductivity. Nevertheless, the vertical hydraulic conductivity in the
vicinity of wells ERT-7A and ERT-8A are high in comparison with the
vertical hydraulic conductivities indicated by the lack of response in the
shallow wells during pump testing of well ERT-10.
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ERT-23 ERT-22.
REI-II ERT-21
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PUMPED WELL

OBSERVATION WELL
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TEST LOCATION
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FRENCH.LIMITED SITE

CROSBY, TEXAS

LOCATION MAP
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PROJECT NUMBER 26
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Sheet tof 1

A RESOURCE ENGINEERING COMPANY

SUBSURFACE EXPLORATION LITHOGRAPHIC LOG OF ERT-7

Client : French LTD.
ProjBCt Norn* : French LID.
Projoel Location : Crosby. Twos
Job Number : 273-21 Boring No
Logged By : 0. Morgan
Approved By : C. Spradley
Drilled By : Gulf Coost Coring

ERT-7

DRILLING AND SAMPLING INFORMATION
Date Started : 9/22/87 Date Completed : 9/28/87
Method : MR Total Depth : 48*

WELL COMPLETION INFORMATION
Screen Dia : 4* Length : 2B.O'
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SURFACE ELEVATION :
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Silty Sand, tan to brown/ gray, fine to medium grained
som« black sludge material

:

Send, fine to medium grained, gray, strong odor

Siity Clay, gray with some red/brown mottles, stiff,
with soTie fine groined sand seams
some odor

Clayey Silt, light gray, soft, saturated

same odor

Silty Cloy, light gray, stiff, some tan mottles, no odor

BORING TERMINATED AT 48.0'
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EOT.
A RESOURCE ENGINEERING COMPANY

SUBSURFACE EXPLORATION

ShMt 1 of 1

LITH03RAPHIC LOG OF ERT-8

Cllwit : French LTD.
Project Nome : French LTD.
Projnct Location : Crosby. Twos
Job Number : 275-21 Boring No : ert-8
Logged By : D. Morgan
Approved By : C. Spradley
Drilled By : Gulf Coast Coring

DRILLING AND SAMPLING INFORMATION
Date Started : 9/20/B7 Date Completed : 9/36/87
Method : MR Total Depth : 90'

WELL COMPLETION INFORMATION
Screw Dia : C Length : 29.5'
Slot Sz« : .010 T>pe : PVC
Gating Ola : i* Length : 19.6*
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DESCRIPTION

SURFACE ELEVATION :

Fill, roadbose. gravel, silt, sand

Slly Sand, gray

'

Sand, fine to medium grained

Clayey Silt, gray, some odor

Silly day. light gray, some tan mottles

Stratlgrophlc breaks determined by advance of boring, cuttings.

and information obtained from adjacent well ERT-7
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5«v"LE5 TYPE
SS - DR.9C SPLIT SPOON
ST - PRESSED SHELBY TUBE

BOR-'NC METHOD
HSA - HOLLOW STEM AUGER DC - DRIVING CASING
CTA - CONTINUOUS FLIGHT AUGERS UO - MUD DRILLING
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ERT
A RESOURCE ENGINEERING COMPANY

Sh«ti_Lol_L

BORING LOG AND CONSTRUCTION
OF ERT-7A

rii.nl

Proitei Location.
Jab Ma.

ftr.ll.rt By

ARCO Chealeai Ctwpanv
French Lleilced bite
Croaoy. Texaa
27S-H-01 Borlnn Nn. MT-'*
Steve Preaton

rSI. Inc. n>»i.r-. u.m. *• spencer

_ DRILLING AND SAI
Dele Started 11-17-87
Method Hud Aocary

_ WELL COMPLE1

Screen Die. *-lneh •
Slal Six* 0.010 Inch
C.sino MM. *-lnch

ilPLING INFORMATION
Dale Comoleted H-17-H7
Taiel Oeolh *".J le*i

DON INFORMATION
Lenolh U-0 fcec

• Tyn- . .. 1! L.
L.nath 5.0 leet
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DESCRIPTION

SURFACE ELEVATION

*..« till «t..l.l . . . . (| Jf)

Cray aedlua to fine allty aand

(75.0'}
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SAMPLER TYPE
SS • DRIVEN SPLIT SPOON CA - CONTINUOUS FLIGHT AUGER
SI • PRESSiD SHELBY TUBE RC • HOCX CORE

BORIHO UETHOn
HSA - HOLLOW STEM AltCEnS OC - ORIVINO CAXINO
CFA - CONTINUOUS FLIGHT AUGERS UO - MUD DRILLING

B-202



ERT 023844

A RESOURCE ENGINEERING COMPANY

Sh««i _L_ ol J_

BORING LOG AND CONSTRUCTION
OF ERT-8A

Or"1

Pi oi»ct Nimi __
Pioleoi Loaetlon.
.Inh No.,_ _ .

Drill.* Ry .,_.

AKCO Chemlcil COBPMW
French L
Croibv. •
i»-2l-6

•Itcd Sice
•*••

Barlnn Ma. EM-8A
sieve Pr**con

KSI. tnc. r.,,,.... „.„. H. spencer

ORILLINO AND SAMPLING INFORMATION
n.t. Slftded 11-17-87 , n.K ComoleKd 11-I7-B7
U*ihad . ,. KuJ_lot«ry Toll! Oeoih zo.5 teet

WELL COMPLETION INFORMATION
Sar»*n Dl«. *-ineh • Lenalh II.O fret
Slot Size U. 010-inch Tyo« PVC
Caihio Dim.. *-l,n^ fl 1 unplh 5.0 feet
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DESCRIPTION

SUPrACE ELEVATION

Hoed fill MCerlil (1.0')

- Crejr »«ndy cliy •

- Cray fine to aedlin ellty und

(22. 0')
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SAMPLER TVPE
DRIVEN SPLIT SPOON CA - CONTINUOUS FLIGHT AUOCR

• PRESSED SHELBY TUBE F»C • ROCK CORE

BOHINO METHOD
HSA • HOLLOW STEM ALOERS DC
CFA • CONTINUOUS FLIGHT AUGERS MD

DRIVING CASINO
MUD DRILLING

B-203



023845
RESOURCE ENGINEERING

SUBSURFACE EXPLORATION

Sheet _l_ol J_

LITHOLOGIC LOG AND CONSTRUCTION
OF REI 10-4

Protect Location.
Jab Ma. _. .. ,

Dr.ll.ri By ,

FRENCH LTD.
French Ltd.
Croebv. T«x
?7<-li
C L. **9vf

SWL

TASK GROUP
1986 F.I.

. Baring No lO-ft
.

•

DRILLING AND SAMPLING INFORMATION

Date Started
Method .

Screen Ola. _
Slot Size

Tl •>*!*(.
MB

Dale Completed
Total Death

7/11/IM
4B.O FEET

WELL COMPLETION INFORMATION
4" Lenaih ij.nn"

o.nin"
4"

Tyoe PV
Lenaih «.

P

94

s£

Sr

_

-_

—10 —_

3

:o —

^
30 —

-

—
-

—40 —

1 3

1 —*" _
~

-
-

-̂

DESCniPTION

SURFACE ELEVATION 14.40

SURFACE FILL, rubber

SAKD AMD GRAVEL

CLAYEY SAND

SILTY SAKD

:

SAKCY SILT

CLAYEY SILT

SI.K.-ITL; SILIV CLAY
SILTY SAN'D/SAMlY SILT

TO 48. u BOK:::I: (s"> DRILLED TO «B.O'. ELECT.UC LOGGED AKO COMPARED WITH
co:.T::.TPrs SAMPLE LOG FROM ADJACENT 10-1. FOUR INCH MONITOR WELL SET
WITH FLUSH VALVE. 4" SCH 40 FVC FLUSH JOINTED CASING AND 0.010" SLOT
SCREE:: o SANS USED IN SAND PACK, i/r" BENTONITE PELLETS is SEAL.
GROUTED TO SURFACE WITH CEHENT/BCNTONITE SLURRY. WELL CAPPED AND VESTED.
ELEVATION OF TOP OF CASING SURVEYED.

STRATUM
ELEVATION
IN FEET

8.4

S.9

1.9

-14.1

-7.1

-20.6
-22. 6

-33.6 '
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SAMPLER TYPE
SS - DRIVEN SPin SPOOII CA • CONTINUOUS FLIGHT AUGER
Sr • PRESSED SHELBY TUBE RC • ROCK CORE

BOHIHC METHOD
HSA - HOLLOW STEM AUGERS DC - OPIVINO CAXINQ
CFA - CONTINUOUS FLIGHT AUOERS MO • MUD DRILLING

B-204



J
A RESOURCE ENGINEERING COMPANY

i French Ltd. Task Group
n Ham. Hi nrpmpcli attnriPIOKCI

Fioitei Lotjuon_Tji

F.GURM-3 Sh,.,Lo,L

LITHOLOGIC LOG AND CONSTRUCTION
OF MW- Pn,. T

Br.

D««ta BI .

gjjv
OniU.IWIiWpjSAMPLING

Dili Sl«il«e J/ J If o'
Mtihed RM lolil P»nih 5U tet»f

Sertin Oil.
Slot SUt U.j}JU"
e..i.g nim 4

WELL COMPLETION INFORMATION
4" Ltnnm 30 feet

4 lypt
i.nfih a tear

J
•«*

J w

]OJ

r

40J

• SCL:

•••

^̂

•

M^

OISCMP1IOU

SILTY S;\ND-gray, medium to fine grain, wet,
asorted multicolored fines, odor

thin gravel ledge,- slight odor, -dark gray
sludge

ANDY CLAY-gray, multicolor gravels washing

ANDY SILT 6 SILTY SAND- tan, strong odor

ERY SILTY CLAY-gray and white ,odor

ORMATION UlANliiib iNI&Kl'KblbU Bi Ui/Wbbb
N DRILLING RATE , CUTTINGS IN MUD PIT, AND
OGS FROM ADJACENT WELLS. WELL BORE WASHED
•0 jtf FEET WITH A ROTARY WASH DRILLING RIG
ING A SODIUM BENTONITE MUD. CASING INSTALLl
.AND PACKED AND SEALED WITH ]/2" BENTONITE
'ELLETS, PRESSURE" GROUTED TO THE SURFACE
»ITH CLASS 1 CEMENT/ BENTONITE SLURRY VIA
•Rb'MIE PIPE. WELL CAPPED, VENTED, NOTCHED
^ND COVERED WITH A CAST IRON STANDPIPE.
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CFA • CO'MIHUOUS rilOMT AUQEMI NW-NOUMT »«»H
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Details of Monitor Vtll instruction ,

•reject Mam: FRENCH LIMITED SITE Boring Mtfrter: *E*:6-2
freject »anber: 275-OZ Due totalled: 3-7-84
Ifater Level Kea*ure»ent: 6.65 (El. • 8.83 OT.J-I0-84)

16.51

t
3.6

I
•2.55

4" inchddl
PVC Veil Casing

Bentonlte Seal

Sand Pack

Total Depth

Top of Casing El."

Protective Steel Casing
Ground Surface El.•

Cement-tentonlte Groat
(4-1 Blx)

top of seal

bottom of seal

top of screen s.o

.010 Inch ilot
Slotted Hell Screen

bottom of serttn

Boreholt Diameter

B-206
an



RESOURCE

jgfj ENGIHEERING

INCORPORATED

page 1 of 1

SUBSURFACE EXPLORATION
RECORD

Cl.tni.

Arcn.ttct EH....... C.I tin

LIMITED TASK FORCE Berinf • REI:6-2

275-02

J8

t «..•..« By

DRILLING and SAMPLING INFORMATION TEST DATA
n... «..„.*, 3-3-84 H.mm»W.. 140 Ik.

-

—__

~

—

—
"™

_

—

^

—

—

-

-£

—

-

SOIL CLASSIFICATION

SURF ACE ELEVATION -

SILTY CLAYEY SAND, fine grained
brown to gray, vith some thin
silty clay seams

(SM-SC)

SAND, fine to medium grained
gray, loose

(SP-SW)

•

Ghana* to Siltv Clav »t- 25. 01

Boring Terminated at 25.0*
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SAMPLER TYPE
«S- DRIVEN SPLIT SPOON
ST- PRESSED SHELBY TUBE
CA - CONTINUOUS FLIGHT AUGER
RC- ROCK CORE

GROUND WATER DEPTH

7 AT COMPLETION FT.

T AFTER MRS. FT.

WATER ON RODS FT.

•ORINO METHOD
HSA - HOLLOW STEM AUGERS
CFA - CONTINUOUS FLIGHT AUGERS

DC - DRIVING CASING
MO - MUD DRILLING

B-207



02J849

PUMPED WELL: ERT-7 Aug 9, 1988

CONTROL WELL WATER LEVEL FLUCTUATIOHS

MEAN-DEV MEAN-DEV MEAN-DEV
ERT 1 REI 6-2 REI 10-4

HOUR MIN ERT 1 6.572 REI 6-2 7.1644 REI 10-4 5.693

15
16
17
17
18
19
21
21
22
15
16
16
17
18
19
20
22
23
15
16
17
17
18
18
21
21
22

35
5
5
35
9
55
8
55
55
45
16
45
45
18
45
50
5
5
45
30
0
45
12
50
5
58
58

6.56
6.56
6.56
6.57
6.52
6.53
6.57
6.61
6.67

0.01
0.01
0.01
0.00
0.05
0.04
0.00
-0.04
-0.10

7.17
7.18
7.18
7.08
7.16
7.18
7.17
7.16
7.20

-0.01
-0.02
-0.02
0.08
0.00
-0.02
-0.01
0.00
-0.04

5.67 0.02
5.68 0.01
5.64 0.05
5.69 0.00
5.66 0.03
5.69 0.00
5.75 -0.06
5.76 -0.07

B-208



AQUIFER PUMP TEST WELL ERT-7
CONTROL WELL WATER LEVEL FLUCTUATIONS

O.OS -

O.O7 -

O.O6 -

Q.O5 -

O.04 -

O.O3 -

O.O2 -

Q.O1 -

0 -

-0.01 -

-0.02 -

-O.O3 -

-0.04 -

-0.05 -

-O.O6 -

-O.07 -

-O.OS -

^ -0.09 -
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021351

AQUIFER PUMP TEST - WELL ERT-7

Saturated Thickness 48 feet Date: 8/10/88

static water level 4.73 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t1

min ft ft ft min

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00

10.00
12.00
14.00
16.50
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
65.00
75.00
86.00
95.00

105.50
135.00
165.00
195.00
255.00
315.00
375.00
435.00
495.00
495.50
496.00
497.00
498.00
499.00
500.00
501.00
502.00
503.00
504.00

4.73
8.15
8.82
9.06
9.15
9.66
9.80

10.00
10.07
10.26
10.41
10.66
10.90
10.89
10.97
11.15
11.33
11.41
11.53
11.63
11.71
11.87
12.13
12.31
12.75
12.90
12.90
13.36
13.64
14.07
14.65
15.18
15.65
15.93
16.30
13.42
10.87
8.60
7.55
7.03
6.72
6.61
6.53
6.46
6.39

0.00
3.42
4.09
4.33
4.42
4.93
5.07
5.27
5.34
5.53
5.68
5.93
6.17
6.16
6.24
6.42
6.60
6.68
6.80
6.90
6.98
7.14
7.40
7.58
8.02
8.17
8.17
8.63
8.91
9.34
9.92

10.45
10.92
11.20
11.57
8.69
6.14
3.87
2.82
2.30
1.99
1.88
1.80
1.73
1.66

0.00
3.30
3.92
4.13
4.22
4.68
4.80
4.98
5.04
5.21
5.34
5.56
5.77
5.76
5.83
5.99
6.15
6.22
6.32
6.40
6.47
6.61
6.83
6.98
7.35
7.47
7.47
7.85
8.08
8.43
Q .89
9.31
9.68
9.89

10.18
7.9d
5.75
3.71
2.74
2.24
1.95
1.84
1.77
1.70
1.63

•

0.50 991.00
1.00 496.00
2.00 248.50
3.00 166.00
4.00 124.75
5.00 100.00
6.00 83.50
7.00 71.71
8.00 62.88
9.00 56.00
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r * . , ,
TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t1

DRAWDOWN TIME-t1

min ft ft ft min

505.00
507.00
509.00
511.00
513.00
515.00
520.00
525.00
530.00
535.00
541.00
545.00
555.00
565.00
575.00
585.00
615.00
645.00
675.00
735.00
1119.00

6.33
6.23
6.17
6.11
6.06
6.02
5.92
5.85
5.80
5.75
5.70
5.68
5.62
5.58
5.55
5.51
5.37
5.30
5.25
5.19
5.01

1.60
1.50
1.44
1.38
1.33
1.29
1.19
1.12
1.07
1.02
0.97
0.95
0.89
0.85
0.82
0.78
0.64
0.57
0.52
0.46
0.28

1.57
1.48
1.42
1.36
1.31
1.27
1.18
1.11
1.06
1.01
0.96
0.94
0.88
0.84
0.81
0.77
0.64
0.57
0.52
0.46
0.28

10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
46.00
50.00
60.00
70.00
80.00
90.00
120.00
150.00
180.00
240.00
624.00

50.50
42.25
36.36
31.94
28.50
25.75
20.80
17.50
15.14
13.38
11.76
10.90
9.25
8.07
7.19
6.50
5.13
4.30
3.75
3.06
1.79

B-211



023853

AQUIFER PUMP TEST - WELL ERT-7

OBSERVATION WELL - ERT-8

Saturated Thickness

static water level

45.12 feet

4.88 feet

Date: 8/9/88

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY
DRAWDOWN TIME-t'

min ft ft ft min

t/t«

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
65.00
75.00
86.00
95.00
105.00
135.00
165.00
195.00
255.00
315.00
375.00
435.00
494.00
497.00
498.00
499.00
500.00
501.00
502.00
503.00

4.88
4.90
4.95
5.06
5.16
5.25
5.35
5.42
5.50
5.56
5.68
5.76
5.84
5.92
5.98
6.03
6.14
6.22
6.29
6.35
6.41
6.45
6.50
6.59
6.68
6.79
6.85
6.91
7.06
7.16
7.31
7.51
7.69
7.85
7.93
8.00
7.90
7.79
7.62
7.48
7.35
7.25
7.16

0.00
0.02
0.07
0.18
0.28
0.37
0.47
0.54
0.62
0.68
0.80
0.88
0.96
1.04
1.10
1.15
1.26
1.34
1.41
1.47
1.53
1.57
1.62
1.71
1.80
1.91
1.97
2.03
2.18
2.28
2.43
2.63
2.81
2.97
3.05
3.12
3.02
2.91
2.74
2.60
2.47
2.37
2.28

0.00
0.02
0.07
0.18
0.28
0.37
0.47
0.54
0.62
0.67
0.79
0.87
0.95
1.03
1.09
1.14
1.24
1.32
1.39
1.45
1.50
1.54
1.59
1.68
1.76
1.87
1.93
1.98
2.13
2.22
2.36
2.55
2.72
2.87
2.95
3.01
2.92
2.82
2.66
2.53
2.40
2.31
2.22

2.00 248.50
3.00 166.00
4.00 124.75
5.00 100.00
6.00 83.50
7.00 71.71
8.00 62.88
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TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t1

DRAWDOWN TIME-t'
min ft ft ft min

504.00
505.00
507.00
509.00
511.00
513.00
515.00
520.00
525.00
530.00
535.00
541.00
545.00
555.00
565.00
575.00
585.00
615.00
645.00
675.00
735.00
1120.00

7.08
7.02
6.91
6.81
6.73
6.66
6.60
6.48
6.38
6.30
6.22
6.16
6.11
6.02
5.95
5.90
5.82
5.69
5.60
5.51
5.40
5.15

2.20
2.14
2.03
1.93
1.85
1.78
1.72
1.60
1.50
1.42
1.34
1.28
1.23
1.14
1.07
1.02
0.94
0.81
0.72
0.63
0.52
0.27

2.15
2.09
1.98
1.89
1.81
1.74
1.69
1.57
1.48
1.40
1.32
1.26
1.21
1.13
1.06
1.01
0.93
0.80
0.71
0.63
0.52
0.27

9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
46.00
50.00
60.00
70.00
80.00
90.00
120.00
150.00
180.00
240.00
625.00

56.00
50.50
42.25
36.36
31.94
28.50
25.75
20.80
17.50
15.14
13.38
11.76
10.90
9.25
8.07
7.19
6.50
5.13
4.30
3.75
3.06
1.79
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AQUIFER PUMP TEST - WELL ERT-7

OBSERVATION WELL ERT-7A

Saturated Thickness 44.62 feet

static water level 5.38 feet

Date: 8/9/88

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t1

min

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
65.00
75.00
87.00
96.00
106.50
135.00
165.00
195.00
255.00
315.00
375.00
435.00
494.00
494.00
495.50
496.00
497.00
498.00
499.00
500.00

ft

5.38
5.38
5.38
5.42
5.46
5.50
5.53
5.55
5.58
5.60
5.65
5.68
5.70
5.74
5.76
5.78
5.84
5.85
5.88
5.90
5.92
5.94
5.96
6.00
6.03
6.10
6.14
6.15
6.22
6.26
6.29
6.38
6.46
6.53
6.57
6.61
6.61
6.60
6.59
6.56
6.50
6.47
6.42

ft

0.00
0.00
0.00
0.04
0.08
0.12
0.15
0.17
0.20
0.22
0.27
0.30
0.32
0.36
0.38
0.40
0.46
0.47
0.50
0.52
0.54
0.56
0.58
0.62
0.65
0.72
0.76
0.77
0.84
0.88
0.91
1.00
1.08
1.15
1.19
1.23
1.23
1.22
1.21
1.18
1.12
1.09
1.04

ft

0.00
0.00
0.00
0.04
0.08
0.12
0.15
0.17
0.20
0.22
0.27
0.30
0.32
0.36
0.38
0.40
0.46
0.47
0.50
0.52
0.54
0.56
0.58
0.62
0.65
0.71
0.75
0.76
0.83
0.87
0.90
0.99
1.07
1.14
1.17
1.21
1.21
1.20
1.19
1.16
1.11
1.08
1.03

min
*

0.50 991.00
1.00 496.00
2.00 248.50
3.00 166.00
4.00 124.75
5.00 100.00
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TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t1

DRAWDOWN TIME-t1

min ft ft ft min

501.00
502.00
503.00
504.00
505.00
507.00
509.00
511.00
513.00
515.00
520.00
525.00
530.00
535.00
541.00
545.00
555.00
565.00
575.00
585.00
615.00
645.00
675.00
735.00

1122.00

6.40
6.37
6.33
6.32
6.30
6.26
6.24
6.22
6.20
6.18
6.13
6.11
6.07
6.06
6.03
6.02
5.97
5.94
5.90
5.89
5.83
5.83
5.73
5.70
5.56

1.02
0.99
0.95
0.94
0.92
0.88
0.86
0.84
0.82
0.80
0.75
0.73
0.69
0.68
0.65
0.64
0.59
0.56
0.52
0.51
0.45
0.45
0.35
0.32
0.18

1.01
0.98
0.94
0.93
0.91
0.87
0.85
0.83
0.81
0.79
0.74
0.72
0.68
0.67
0.65
0.64
0.59
0.56
0.52
0.51
0.45
0.45
0.35
0.32
0.18

6.00
7.00
8.00
9.00

10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
46.00
50.00
60.00
70.00
80.00
90.00

120.00
150.00
180.00
240.00
627.00

83.50
71.71
62.88
56.00
50.50
42.25
36.36
31.94
28.50
25.75
20.80
17.50
15.14
13.38
11.76
10.90
9.25
8.07
7.19
6.50
5.13
4.30
3.75
3.06
1.79
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STEP DRAWDOWN TEST - WELL ERT-7

OBSERVATION WELL ERT-8A

Saturated Thickness 49.66 feet Date: 8/9/88

static water level 4.49 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t'

min ft ft ft min

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
65.00
75.00
86.00
95.00
105.00
135.00
165.00
195.00
255.00
315.00
375.00
435.00
494.00
495.00
498.00
499.00

4.49
5.50
5.50

' 5.52
5.57
5.61
5.64
5.67
4.70
4.72
5.77
5.81
5.85
5.87
5.90
5.92
5.97
6.01
6.05
6.07
6.10
6.12
6.15
6.19
6.21
6.26
6.28
6.31
6.37
6.41
6.46
6.56
6.63
6.72
6.76
6.80
6.79
6.75
6.76

0.00
1.01
1.01
1.03
1.08
1.12
1.15
1.18
0.21
0.23
1.28
1.32
1.36
1.38
1.41
1.43
1.48
1.52
1.56
1.58
1.61
1.63
1.66
1.70
1.72
1.77
1.79
1.82
1.88
1.92
1.97
2.07
2.14
2.23
2.27
2.31
2.30
2.26
2.27

0.00
1.00
1.00
1.02
1.07
1.11
1.14
1.17
0.21
0.23
1.26
1.30
1.34
1.36
1.39
1.41
1.46
1.50
1.54
1.55
1.58
1.60
1.63
1.67
1.69
1.74
1.76
1.79
1.84
1.88
1.93
2.03
2.09
2.18
2.22
2.26
2.25
2.21 3.00 166.00
2.22 4.00 124.75
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500.00
501.00
502.00
503.00
504.00
505.00
507.00
509.00
511.00
513.00
515.00
520.00
525.00
530.00
535.00
540.00
545.00
550.00
560.00
570.00
580.00
610.00
640 . 00
670.00
730.00
1116.00

6.66
6.62
6.60
6.55
6.54
6.52
6.48
6.45
6.42
6.40
6.38
6.35
6.30
6.27
6.25
6.21
6.20
6.16
6.12
6.10
6.07
5.98
5.94
5.92
5.85
5.70

2.17
2.13
2.11
2.06
2.05
2.03
1.99
1.96
1.93
1.91
1.89
1.86
1.81
1.78
1.76
1.72
1.71
1.67
1.63
1.61
1.58
1.49
1.45
1.43
1.36
1.21

2.12
2.08
2.07
2.02
2.01
1.99
1.95
1.92
1.89
1.87
1.85
1.83
1.78
1.75
1.73
1.69
1.68
1.64
1.60
1.58
1.55
1.47
1.43
1.41
1.34
1.20

5.00
6.00
7.00
8.00
9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
65.00
75.00
85.00
115.00
145 . 00
175.00
235.00
621.00

100.00
83.50
71.71
62.88
56.00
50.50
42.25
36.36
31.94
28.50
25.75
20.80
17.50
15.14
13.38
12.00
10.90
10.00
8.62
7.60
6.82
5.30
4.41
3.83
3.11
1.80
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ADJUSTED RESIDUAL DRAWDOWN (FT)
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02,1863

FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 15, 1988

PUMPED WELL: ERT-10

TOTAL DEPTH: 50 FEET

OBSERVATION WELLS: ERT-9, radial distance 9.05 feet,
ERT-9A, radial distance 14.92 feet,
ERT-10A, radial distance 11.31 feet and
REI-10-4, radial distance 44.6 feet

CONTROL WELLS: ERT-1, ERT-lA, ERT-8 and ERT-8A

BACKGROUND AND DESCRIPTION OF TEST:

The test of well ERT-10 was not in the original Work Plan for pump testing
the shallow alluvial zone dated June 13, 1988. The original Work Plan
called for testing well REI-10-3 located approximately 170 feet west of
well ERT-10.

In the review of the work plan, Ms. Kathleen O'Reiley of Region VI of the
U.S. EPA expressed concern that well REI-10-3 may not be representative
because of the low transmissivity associated with the single well recovery
analysis of the short term (15-minute) test performed on May 26, 1988. It
was agreed that the contractors to the French Limited Task Group would
perform a step drawdown or variable rate test on wells REI-10-2, REI-10-3
and REI-10-4 to help select a well for pumping in a six- to eight- hour
test.

The results of these variable rate tests Indicated that all three wells
were poor producers and transmissivities in the area were quite low.
Following discussion of these results with Ms. Kathleen O'Reiley on site on
August 11, 1988, it was agreed that AHA and ERT personnel would test either
well ERT-9 or ERT-10 rather than one of the wells at the REI-10 cluster.
The primary reason for pump testing either well ERT-9 or ERT-10 was to
provide information about aquifer characteristics between the low-
transmissivlty REI-10 well cluster and the higher transmissivity zone
around well ERT-7. Well ERT-10 was selected for pumping because it
generally produced more water than well ERT-9 when purging the well prior
to sampling.

Lithologic and well completion logs and an illustration of the location of
the pumped well, ERT-10 and the observation wells precede the aquifer test
data which follow.

A preliminary variable rate test was performed on well ERT-10 by Applied
Hydrology Associates and ERT personnel on August 12, 1988 in order to
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select an appropriate pumping rate for the six- to eight-hour test. Water
level measurements were taken on the pumped well and on wells ERT-10A, ERT-
9 and ERT-9A. It was not possible to set or adjust the flow rate using the
in-line Rotometer because water was too turbid and dark to observe the
gage. Flow measurements were taken using a five-gallon bucket and stop
watch. The well was pumped for 30 minutes at a rate of approximately 0.93
gpm although it was difficult to maintain a constant rate without being
able to read the flow meter.

The drawdown after 31 minutes was only 2.33 feet, so the pumping rate was
increased to a rate which averaged about 2.14 gpm for the next 35 minutes.
An additional 7.14 feet of drawdown occurred after pumping at this rate for
35 minutes. Pumping was terminated and recovery measurements were taken
for about four hours after pumping stopped. Field measurements are
attached. Water produced from the test was pumped directly into the French
Limited Lagoon.

On the basis of the preliminary step test, it was decided to pump at a rate
of about 2.14 gpm during the six- to eight-hour test. The valve in the
discharge hose was left at the position which produced a rate of 2.14 gpm
in the latter portion of the step test, the pump remained in the well over
the weekend, and the test was started at 9:00 a.m. on August 15. Because
of the difficulty reading the flow meter, flow measurements were taken
almost continually with a five-gallon bucket and stop watch.

Prior to pumping the well, the depth to static water level below the top of
casing in the pumped well and the observation wells was measured using an
electronic well sounder with accuracy to .01 feet. The well was pumped
with a submersible pump and water level measurements were taken with an
electronic sounder at the pumped well, at the observation wells and at the
control wells.

After about 97 minutes into the test, the drawdown reached the pump level
even though the well was pumped at a rate of only about 2.05 gpm. Rather
than terminating the test, it was decided to continue pumping at a lower
rate. Subsequent measurements with a five-gallon bucket and stop watch
showed this pumping rate to average about 0.84 gpm and to range from 0.72
to 1.03 gpm. After pumping at this rate for about 220 minutes, the water
levels reached the pump intake and the test personnel were unable to
sustain the pumping rate at 0.84 gpm. For the last 113 minutes of the
test, the pumping rate averaged about 0.64 gpm and ranged from 0.59 to 0.71
gpm.

Recovery measurements were taken at the pumping well and the observation
wells for 342 minutes following termination of pumping.

Drawdown and residual drawdown values determined from water level
measurements in wells REI-10-4, ERT-10 and ERT-9 were adjusted using
Jacob's (1963) correction to allow the solutions for confined aquifers to
better apply to unconfined conditions:

s' - s-s2/2Ho

where: s' - adjusted drawdown

B-223



a - drawdown and
Ho - initial saturated thickness

The attached data sheets present the measurements for the pumped well and
the observation wells during the pump test and recovery period. The data
sheets include the observed drawdowns and the corrected drawdowns for wells
REI-10-4, ERT-10 and ERT-9.

Water produced from the test was pumped directly into the French Limited
Lagoon.

INTERPRETATION:

The control wells ERT-1, ERT-8 and ERT-8a showed a similar diurnal pattern
as shown in Figure A2-6. Measurements at control well ERT-1A were not
included because organic chemicals in the well precluded precise
measurement via a well sounder. The diurnal fluctuation in wells ERT-1,
ERT-8 and ERT-8A was approximately 0.1 feet. No precipitation was recorded
during the test. The highest water levels appeared between 16:00 and 17:30
(4:00 and 5:30 p.m.) and the lowest levels appeared between 11:00 and 12:00
(11:00 a.m. and 12:00 p.m.) (see attached data sheets and plots).

Because of the relatively small response to pumping as measured at
observation well REI-10-4, it was decided to adjust the data for well REI-
10-4 for diurnal fluctuations based on the pattern of fluctuations seen in
the control wells. The response in wells ERT-9A and ERT-10A was so small
(less than .05 feet) that the drawdown response could not be Interpreted
quantitatively with or without adjustment for the observed diurnal
fluctuations. Qualitatively, it is obvious that the lack of a significant
response in wells ERT-9A and ERT-10A (located 14.9 and 11.3 ft respectively
from the pumped well) is indicative of a vertical hydraulic conductivity
that may be several orders of magnitude lower than the horizontal hydraulic
conductivity.

An adjustment of water level measurements for the observation well ERT-9
and the pumped well ERT-10 to the fluctuations measured at the control
wells was not performed because the diurnal fluctuation in water levels in
the control wells was so small relative to the drawdown response in the
test wells.

By use of the transmissivity and storage coefficients from the Birsoy and
Summers recovery analysis (Figure A2-7), the dimensionless parameter u -
r2S/4Tt at the radius of the observation well, ERT-9 was less than 0.01
after 170 minutes of pumping. Consequently, the constant pumping intervals
were still too short to apply semi-log analysis techniques to the drawdown
data from well ERT-9. • However, the last six recovery measurements were
within the range where "u" is less than 0.01.

Based on the "u" parameter criterion, the semi-log technique would apply to
nearly the entire data range for the pumped well except that portion
subject to well bore storage influences. The time when well bore effects
were no longer significant was calculated using the method of Schafer
(1978) described in Section B-2.1 and shown below:
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tc > 0.6(16-l)/(2.05/33.56*) - 147 minutes

* drawdown at time 98 minutes when the pumping rate declined rather
that at time.

Drawdown and adjusted drawdown values are included in the attached data
sheet. Following the procedures of Birsoy and Summers (1980), an adjusted
time was calculated for the drawdown data and a dimensionless time was
calculated for the recovery data.

The ratio of adjusted drawdown to the associated pumping rate for wells
ERT-9 and ERT-10 were plotted against the log of adjusted time on the
attached semi-log plots in Figures A2-6 and A2-7. The ratio of the
adjusted residual drawdown (recovery) to the final pumping rate were also
plotted against the log of dimensionless time on the same semi-log plots.
Well bore storage influences would preclude valid application of the Birsoy
and Summers technique to the drawdown data. Also, the technique would
apply to only the last few recovery data points. Consequently, the single
well data were not used to evaluate aquifer characteristics.

Better results were obtained from the observation well ERT-9. The
transmissivity and storage coefficient calculated from the recovery data
from the semi-log plots were 754 gpd/ft. and .0058 respectively. The
hydraulic conductivity and transmissivity was about 50 percent of the
magnitude calculated from the ERT-7 well site but the storage coefficients
were similar. Delayed yield effects were not observed but could have been
masked by the variable pumping rate.

The u value at the radius of the observation wells REI-10-4 was too large
to permit satisfactory application of the semi-log techniques such as that
of Birsoy and Summers for variable pumping rates. The dimensionless
parameter u - rzS/4Tt at the radius of the observation well, REI-10-4,
located 44.6 ft from the pumped well, was less than 0.01 after 2919 minutes
using the transmissivity and storage coefficients from the Boulton Delayed
Yield analysis in Figure A2-8. Consequently, the semi-log analysis
techniques could not: be applied to either the drawdown or recovery data
from observation well REI-10-4.

Instead, the Boulton Delayed Yield Analyses was applied to the constant-
pump ing -rate response observed in well REI-10-4 during the first 95 minutes
of pumping. Adjusted drawdown was plotted on log-log paper against time as
shown in Figure A2-8. The drawdown response at well REI-10-4 did not
follow a Theis response. A good match was obtained using the early test
portion of a Boulton Delayed-Yield type curve with r/B equal to 1.5. The
calculated transmissivity from the match was 145 gpd/ft and the storage
coefficient from the early test match was 0.0008. These results seem
reasonable since the hydraulic conductivity decreases in the direction of
the REI-10-4 well and the results compare favorably with the results from
the step-drawdown test at well REI-10-2.

As indicated previously, the drawdown response in observation wells ERT-9A
and ERT-10A were not analyzed quantitatively because of the very small
(less than .05 ft.) response in these wells.
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A RESOURCE ENGINEERING COMPANY

Shiti_!_ol J_
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OF ERT-10
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ERT
A RESOURCE ENGINEERING COMPANY

Sheet _L of _L

BORING LOG AND CONSTRUCTION
OF ERT-9

Project Name..

Jab No

Drilled By

ARCP Chemical Connanv
French United Site

n Craibv. Tanas
Z75-:3-01 Hnrlnn No. «T-»
Steve rreston

rsi. inc. „.„,.... u *. rresion

DRILLING AND SAMPLING INFORMATION
Oate Started 11-15-87 n.i. Completed II-15-B7
Method Mud Rotary Total Damn S*.S feet

WELL COMPLETION INFORMATION
Screen Dim. *-lneh 0 Lenolh 30.0 feet
Slat Size Q.oiu-lnen jvoe PVC
Cailno Dl. *-inch 9 L.nolh 22.0 feet

X ^"

si

-

S~E

10-;

15 "I

20-^

"~

30-3

35^

*o-

45 ~E
•

»-:
•
—

~

5S~

DESCRIPTION

SURFACE ELEVATION

Road fill material (l.O1)

Cray fine to Bcdluu slltr sand

- Medium te coarse sand

•

.

(si.O

'• Cray Eine aiicy eano

- Cray silty clay (54. JM

dz
u

9

£
HI
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ji

5«.J

•
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-
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O
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*
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3s
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-

*
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i
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1
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•••-.'.
':•
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''•(
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•
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;•;

•'

':"

;•''

; "'.

•V.

%
X.

:;:

S:

R
E

M
A

R
K

S
 

|

S3 • DRIVEN SPLIT SPOON CA • COIITINUOUS FLIGHT AUGEH
ST • PHESSED SHELBY TUBE KG - ROCK COME

BORING MEtHOU
HSA - HOLLOW STEM AUGERS DC - DRIVING CAHINQ
CFA - CONTINUOUS FLIOHT AUGERS MD - MHO DRILLING

B-228



ERT 021870

A RESOURCE ENGINEERING COMPANY

Sh«a1_Lol_L

BORING LOG AND CONSTRUCTION
OF ERT-9A

rii.ni ARCO Chemical Company
Prnj.et 11, mm , . Drench Limited Sice
Pr»i.et Loeailan Cro»hy, Te*o»

i «ga.d By Stove rraaton
Apprnu.d By
Orill.rf By PS1. Inc. n,lll.,-. Hmmm J^SpiMer

DRILLING AND SAMPLING INFORMATION
Dale Slarlac! 1I-1J-87 D,i. Comoleled 11-15-8/
Method Ikiil Rotary Total Danlh 20. 0 [eel

WELL COMPLETION INFORMATION
Scraan Ola. *-!"" • Lenalh >5.0 feet
Slot Size O.UlU-lncn Tvo. rvt
Cailna Dl. «-mcn a L.noih S-" '««'

1-

If

5 -^

15 -^

20 ~.

I

:s -I

30 -^

35 -^

40 -£

45 -^

50 -£

55 ~

DESCRIPTION

SURFACE ELEVATION

KMd fill witerlal

Cray medium to fine eitty aend

'

•

(23. O1)

•

•
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III

S
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 T
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E

Si P
O

C
K

E
T
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E
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E
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E
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n
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)
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O
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*

If
c ~"

W
E
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C

O
M

P
LE

TI
O

N

* LR

1 iJ

"•• ^

; ^j; . •

M
M
ft

3
£

•

SAMPLER TYPE BOHINO METHOD
SS • DnivEtl SPlIT SPOON CA • CONTINUOUS FLIGHT AUGER HBA • HOLLOW STEM Al'OEnS DC - OHIVUIQ CASINO
ST • PRESSED SHCiBV TOO! flC - ROCK CORE ' CFA - CONTINUOUS FLIGHT AUGERS MD - MUD DRILLING
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ERT
A RESOURCE ENGINEERING COMPANY

Sheet _L oi _L

BORING LOG AND CONSTRUCTION
OF ERT-10A

ril.nl
Project Name.
Protect Loeatlo
Job No.
Logged By
Approved By _
Drilled By

Frtnch L:
n Cre«bv. •

275-23-0

•Ued Slta
'«»•

3
Dale Slartao

HILLING AND SAMPLING INFORMATION
11-17-87 n.i. r..«,i.i.d M-17-87

Maihod Wua Rotary
Rorina No ERT-10A

Stave Friaton

.. X. Sponcar

Screen Die.
Slot Size _
Caalng Ola. _

Tnl.l n.nlh «<•" t«i
WELL COMPLETION INFORMATION
»-lnch f L.nolh 1J.O f«at
u.uio-incii
*-inch II

Tyoa PVC
S.O t««t

Sioz

^

5 -••

10 ~~

15 "I

:°~

~

25 ~

30 ~

•
•i

so -~

DESCRIPTION

SURFACE ELEVATION

Road (111 utarlal (l.U1)
Cray Bcdiun to fine allty aand

(23. O1)

'•-• ..
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w
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O

C
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E
T

P
E

N
E
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 C
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i!i- W
EL

L
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M
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N

I

• |
B me,

• ^ .""-"

•:. -" £

! '"-V
-.: ''..' •

W
K
B
•1
9
w
B

.

BORINQ
SS
SI

8AMPLER TYPE
ORIVCII SPLIT SPOOII CA • CONTINUOUS FLIGHT AUGER USA - HOLLOW STEM A'JOERS

• PRESSED SHELBY TUBE RC • ROCK CORE ' CFA • CONTINUOUS FLIGHT AUGERS

B-230
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ORIVINO CAXIIIO
- MUD DRILLING.



0°
RESOURCE ENGINEERING

SUBSURFACE EXPLORATION

Sheet J_ ol J_

LITHOLOQIC LOG AND CONSTRUCTION
OF REI 10-4

Protect Namo__
Pioieci Location
Jnh No .

Drill.H nr , .,

Franeh
CrOlbv
77^-14
it. i__

SWL

Ltd. 108* F.I.
. Texfl!i

Boring No In-i
Bnl'il

DRILLING AND SAMPLING INFORMATION
Dale Started .
Method

Screen 01*. _
Slot Size
Casing Ola.

7/28/RK
MB

Dal* Completed J/IR/M
Tatel Oenlh 48..0 FEFT

WELL COMPLETION INFORMATION
4" Lenath ii.nn'

n.flni"
4"

Tyne 9VF
Lanolh Ift.QQ

^ •-
"™ lu

-
_

—10 —

-

20 -I

5
30 —

—
~

-

—40-1

' ^

50 -̂
~

-
_

-̂

DESCRIPTION

(unfACE eiEVATIOM 14.40

SURFACE FILL, rubber

SAKD AND GRAVEL

CLAYEY SAND

SILTV SAND

•

SAKtV SILT

CLAYEY SILT

*i.:<.-::i.f SILTY CLAY
S1LTY SAND/SA!:DY SILT

TD if.O 30KINC (8") DRILLED TO «8.0'. ELECTiilC LOGGED AND COMPARED WITH
co:.Ti:;vofs FA.MPLE LOG FROM ADJACENT 10-1. FOUR INCH MONITOR WELL SET
WITH FLUSH VALVE. 4" SCH 40 PVC FLUSH JOINTED CASING AND 0.010" SLOT
SCREES n SAND USED IN SASD PACK. 1/2" BEK70N1TE PELLETS IN SEAL.
CHOI-TED TO Sl'P.FACE WITH CEKEHT/BENTONITE SLURRY. WELL CAPPED AMD VENT'L).
ELEVmOH OF TOP OF CAS I KG SURVEYED.

STRATUM
ELEVATION

IN FEET

8.4

S.9

1.9

-14.1

-7.1

-20.6

-22. A

-33.6 '

§
UI1

.

>•
1-

1

> c
K C

o &
ui e
a «
« E

•J!
»*•
JS

I

g

i
i
*

fv :'
v- V
o '1 r •

i::-'

' '\:
'••

r J.j

"•;<

g
1

C

u

I
U

.-:

* '

.*

u.

W
A

T
E

R

-

-

-

ss
ST

SAMPLgB 1YPC
• onivcn SPLIT SPOON CA • CONTINUOUS FLIGHT AUGER
• PRESSED SHELBY TUBE RC • ROCK CORE

BORIMO METHOD
HSA - HOLLOW STEM Al'QERS DC - DRIVING RAKING
CFA • CONTINUOUS FLIGHT AUGERS MO • MUD DRILLINQ

B-231



J 8h,,,LolL

LITMOLOQIC LOG AND CONSTRUCTION
n ncauuiiwe cno

.-i.... French Ltt

Jal.ua 2/5-i(

DI.II.H •, .IS

INbtHINU COMPANY

. Task Grouo
nation
y TX

u. bKl \

Uf MW- PIJY j

DniLLING./UlpLSAUPLING INrORMAlinu. 11/9.7
Dm SiMt«e oj J ]/ *»' ri.i. r.Qmoin«a ->l \\! ol

Mllhad klV Tain Dtnlh ill ^f»f»t
WELL COMPLETION INFOP.MAIION

Serc.ti Rl. .4" L.nolh 3[J set
»iat an. iJ |fjii" • irot T-y
Cf«laa ni. •»" l.nalh 2) K>ef

«••

H
y

™

~

z
]OL=

—

—

—™

•zoJ
—

3LL;

™

40J

;

: so:

;

1
*

••

•

•••

••••

a*

•̂ •i
•i

•

••••

OISCMIMIOIt

lunr.ACI IHVAIIOM

• '' k.

SILTY SAND-gray, medium- to fine grain, wet,
asorted multicolored fines, odor

"

thin gravel ledge,- slight odor, -dark gray
s 1 udge

i
ANDY CLAY-gray, multicolor gravels washing
rom above
ANDY SILT fi SILTY SAND- tan, strong odor

ERY SILTY CLAY-gray and white ,odor

ORflAflUN LIIANUb'S I N f b K I ' K t l b U bl LIUXfnbLb
N DRILLING RATE, CUTTINGS IN MUD PIT, AND
OGS FROM ADJACENT WELLS. WELL BORE WASHED
0 $ FEET WITH A ROTARY WASH DRILLING RIG
ING A SODIUM BENTONITE MUD. CASING INSTALLl
AND PACKED AND SEALED WITH ]/2" BENTONITE

'ELLETS, PRESSURE' GROUTED TO THE SURFACE
HTH CLASS 1 CEMENT/ BENTONITE SLURRY VIA
TU-MIE PIPE. WELL CAPPED, VENTED, NOTCHED
iND COVERED WITH A CAST IRON STANDPIPE.

•*I
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Ct-CUVOHHIk

• OHIMO MtlHOP
i«s« • MOIIOW n lu «UCERS m-un
or A • continuous mo>'i AUOENS W »»SH
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ERT U2J874
A RESOURCE ENGINEERING COMPANY

ShMt _L ol J_

BORING LOG AND CONSTRUCTION
OF ERT-1A

ARCO ChMieil Compin
Fr.neh Li«U«d Sit«eh Li

av. T

Client _____
Proieet Neme.
Pioieel ine.tinn Croiay. Tenee
job No 275j.2>OL
Logged By
Approved By .
Drilled By

5tcv« rre«ton
Hnr|na Mo. PT-1A

DRILLING AND SAMPLING INFORMATION
Dale Slerled 11-17-67 Oil* Completed II-I7-B7
Method Mud Hot«rv Tnlal Death 20.0 t.«t

PS1, Inc. Drlltor'i Name. IT. Spencer

Screen Die.,
Sloi Size _
Ceslng Die.

WELL COMPLETION INFORMATION
*-lne» » Length 15.0 f«tt
u.uiu-inen Tyoe PVC

Length. s.lllect

If
-

-
H

5 —

IQ_£

™"

''I

;

:5~E

30—

35—

45-;

srr

DESCRIPTION

SURFACE ELEVATION

Ro«d fill Mieilll «.)

Cray fine to nidlua eilty land

- Cray fine to Bidlua ellty »«nd

CO.O1)
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!•: rl V

' • r~ V

\ -I- '

M

e
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SAMPLER TYPE
SS • OniVCII SPLIT SPOOK CA • CONTINUOUS FLIGHT AUGER
AT . pncsiEO SKCLBV TUBE MC • HOCK CORE

•ORINQ METHOD
HSA • HOLLOW STEM AC3ER3 DC • OniVIUO CASINO
CFA - CONTINUOUS FLIGHT AUOCAS MO - MUO ORILLING
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ERT.
l 8 75

Shot lef t

A RESOURCE ENGINEERING COMPANY

SUBSURFACE EXPLORATION LITHOGRAPHIC LOG OF ERT-8

Client : French LTD.
Project Narns : French LTD.
Projeet. Location : Crosby. Twos
Job Number : 275-21 Boring No : ert-B
Logged By : D. Morgan
Approved By : 6. Spradl«y
Orlltd By : Gulf Coast Coring

DRILLING AND SAMPLING INFORMATION
Date Started : 9/28/B7 Date Completed : 9/28/07
Method : MR Total Depth : 50*

WELL COMPLETION INFORMATION
Scrnr. Dio : 4* Longth : 29.5'
Slot Sze
Casing Dla

.010
4*

T»e
Length

PVC
19.61

•i DESCRIPTION

SURFACE ELEVATION :

5 -

10-

15-3

20

25-

30-

35-

40-

50-

55 r

Fill, roadbose. gravel, sit, sand

Snty Sand, gray

Sand, Tine to medium grained

Clayey Silt, gray, some odor

I

Silty Cloy, light gray, some tan mottles 50

Stratigraphfc breaks determined by advance of boring, cuttings,
and information obtained from adjacent well ERT-7

TYPE

SS - Dffi.W SPLIT SPOON
ST - PRESSED SHELBY TUBE

BOffHC METHOC .

HSA - HOLLOW STEM AUGER ~DC - DRIVING CASING
CFA - CONTINUOUS FU6HT AUGERS UO - MUD DMLUNG

B-23A



ERT ;! me
A RESOURCE ENGINEERING COMPANY

Sheel J_ ol 1_

BORING LOG AND CONSTRUCTION
OF ERT-8A

Of"1

Proieel Name^__
Piolecl Loeallon_
.lab No.,. ,. . _.

Approved By
Drillarf By _ ..

ARCO Chenlcal CouBinv
French L
Cro.bv. '
i)S-Zl-6

•ited Site
'•»•

Rarlna No. W1-8A
Steve Preicon

psit me «"»•> *••"• •' sP«netr

DRILLINQ AND SAMPLING INFORMATION
Date Started
Method HO

Screen Ola. _
Slot Size
Caalng Ola. _

11-17-87
d Hoiar*

Dal* ComDleied 11-17-87
Tola! Death 2O.) feet

WELL COMPLETION INFORMATION
4-inch t Lenatti 15.0 feet
O.OIU-inch
4-lneh •

Tvoe PVC
l«ngih 3.0 feet

Sz

-

.

••

lO-;

1!i

H

30 —

3S-Z

•o—

so -E

w

55 ~

DESCRIPTION

SUnrACE ELEVATION

Road fill u:erlal (l.O1)
- Cray aandy clay •

- Cray fine to aedlua illty und

•

(22. O1)
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E
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W
E
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H
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y X|

^ i

B:-'

- ••''.

1. *•"

• • '-

M

U
1C

-

-

TYPE
!IS - ORIVEII SPLIT SPOON CA
ST • PPES5EO SMCL8V TUOE AC

CONTINUOUS FLIGHT AUO.ER
ROCK CORE

BOniNQ METHOD
HSA - HOLLOW STEM AUOERS DC • DHIVINO CASIlin
CFA - CONTINUOUS FLIGHT AUOERS UO - HUD DRILLING

B-235



02̂ 77

ERT-10 Aquifer Pump Test
Control Well Water Level Fluctuations

mean-dev mean-dev

hour
11.00
10.00
10.00
9.00
8.00
9.00

11.00
12.00
12.00
13.00
13.00
14.00
14.00
15.00
15.00
15.00
16.00
16.00
16.00
17.00
17.00
18.00
18.00
19.00
19.00
20.00
20.00
21.00
21.00
10.00
10.00
9.00
9.00
8.00

11.00
11.00
12.00
12.00
13.00
13.00
14.00
14.00
15.00
15.00
16.00
16.00
16.00
16.00
17.00

minute ERT-8A
1.00

33.00
11.00
43.00
42.00
18.00
34.00

2.00
32.00

4.00
31.00

3.00
47.00

8.00
34.00
58.00
21.00
37.00
57.00
26.00
56.00
26.00
56.00
26.00
56.00
26..00
56.00
26.00
56.00
42.00
18.00
48.00
24.00
49.00

8.00
40.00
7.00

45.00
11.00
37.00
12.00
47.00
12.00
39.00

3.00
24.00
40.00
59.00
28.00

ERT-8A
5.15 ERT-1

6.35
6.35
6.34
6.32
6.32
6.31
6.36
6.35
6.35
6.34
6.33
6.34
6.32
6.31
6.31
6.29
6.27
6.27
6.26
6.26
6.26
6.27
6.27
6.27
6.28
6.28
6.29
6.28
6.29

ERT-1
6.30

-0.05
-0.05
-0.04
-0.02
-0.02
-0.01
-0.06
-0.05
-0.05
-0.04
-0.03
-0.04
-0.02
-0.01
-0.01

0.01
0.03
0.03
0.04
0.04
0.04
0.03
0.03
0.03
0.02
0.02
0.01
0.02
0.01

ERT-8

4.54
4.54

.54

.53

.53

.54

.54

.54

.53

.52

.52

.52

.50

.50

.48
4.48
4.46
4.46
4.46
4.46

mean-dev
ERT-8

4.50

-0.04
-0.04
-0.04
-0.03
-0.03
-0.04
-0.04
-0.04
-0.03
-0.02
-0.02
-0.02

0.00
0.00
0.02
0.03
0.04
0.04
0.04
0.04
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hour
18.00
18.00
18.00
19.00
19.00
20.00
20.00
21.00
21.00
10.00
10.00

9.00
9.00
8.00

11.00
11.00
12.00
12.00
13.00
13.00
14.00
14.00
15.00
15.00
16.00
16.00
16.00
17.00
17.00
18.00
18.00
18.00
19.00
19.00
20.00
20.00
21.00
21.00
10.00
9.00

10.00
8.00
9.00

11.00

02 W

minute
0.00

'28.00
58.00
28.00
58.00
28.00
58.00
28.00
58.00
19.00
42.00
50.00
25.00
50.00

9.00
41.00

7.00
45.00
12.00
37.00
13.00
48.00
13.00
40.00

4.00
25.00
41.00

0.00
29.00

1.00
29.00
59.00
29.00
59.00
29.00
59.00
29.00
59.00

8.00
40.00
31.00
46.00
20.00

4.00

78
mean-dev

ERT-8A

5.18
5.18
5.17
5.17
5.16
5.19
5.19
5.19
5.18
5.17
5.16
5.17
5.15
5.13
5.13
5.12
5.12
5.12
5.11
5.11
5.12
5.13
5.14
5.14
5.15
5.15
5.16
5.16
5.16

ERT-8A
5.15 ERT-1

-0.03
-0.03
-0.02
-0.02
-0.01
-0.04
-0.04
-0.04
-0.03
-0.02
-0.01
-0.02

0.00
0.02
0.02
0.03
0.03
0.03
0.04
0.04
0.03
0.02
0.01
0.01
0.00
0.00

-0.01
-0.01
-0.01

mean-dev

RT-8

4.46
4.47
4.48
4.48
4.49
4.50
4.50
4.50
4.51

mean-dev
ERT-8
4.50

0.04
0.03
0.02
0.02
0.01
0.00
0.00
0.00
-0.01
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ERT-10 Aquifer Pump Test
Control Well Water Level Fluctuations

c
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.31
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-0.04 -

-O.O5 -

— O.O6 —

oog Q O

P PP P ̂  "*""*"

. ^ + + +a til n ^ ^
. .̂ .̂

a a o

fij ̂  a 6 o ^

+• 4-4- .
P P P P fl

+ + +
D D (3 v Q

. . -t
v v a a &

o o ^ Q fi fi

+ 4- 4 - 4 -

+

I I I I I l

Oro
3>
-si
CO

1 ̂ «- W"~F

time
P ERT-SA well + ERT-1 well * ERT-B well



STEP DRAWDOWN TEST - WELL ERT 10

Saturated

static

TIME-t

Thickness

water

DEPTH

level

DRAWDOWN

5

50

.74

ADJUSTED

feet

feet

t-Ti
DRAWDOWN

min

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
20.00
25.00
30.00
35.00
40.00
70.00
75.00
80.00
85.00
88.00
90.00
98.50
100.00
105.00
110.00
115.00
120.00
125.00
130.00
135.00
140.00
145.00
150.00
155.00
160.00
170.00
180.00
190.00

ft

5
7
8
8
8
8
8
8
9
9
10
11
11
12
13
13
16
17
18
19
20
29
31
33
36
37
39
39
37
33
31
29
29
29
28
29
29
29
29
29
29
30
30
30

.74

.68

.16

.40

.57

.70

.80

.86

.12

.16

.20

.27

.84

.42

.02

.58

.08

.38

.47

.67

.95

.02

.07

.25

.20

.82

.20

.30

.82

.97

.15

.90

.42

.05

.90

.35

.47

.50

.60

.60

.92

.20

.62

.93

ft

0
1
2
2
2
2
3
3
3
3
4
5
6
6
7
7
10
11
12
13
15
23
25
27
30
32
33
33
32
28
25
24
23
23
23
23
23
23
23
23
24
24
24
25

.00

.94

.42

.66

.83

.96

.06

.12

.38

.42

.46

.53

.10

.68

.28

.84

.34

.64

.73

.93

.21

.28

.33

.51

.46

.08

.46

.56

.08

.23

.41

.16

.68

.31

.16

.61

.73

.76

.86

.86

.18

.46

.88

.19

ft

0
1
2
2
2
2
2
3
3
3
4
5
5
6
6
7
9
10
11
11
12
17
18
19
21
21
22
22
21
20
18
18
18
17
17
18
18
18
18
18
18
18
18
18

ADJUSTED
TIME

s/Q

min

.00

.90

.36

.59

.75

.87

.97

.02

.27

.30

.26

.22

.73

.23

.75

.23

.27

.29

.11

.99

.90

.86

.91

.94

.18

.79

.26

.30

.79

.26

.95

.32

.07

.88

.80

.04

.10

.11

.17

.17

.33

.48

.69

.84

1
3
8
13
18
23
28
33
38
43
48
53
58
63
73
83
93

.50

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
20
25
30
35
40
70
75
80
85
88
90

40858
15619
4283
2384
1663
1296
1078
936
838
766
712
671
638
612
574
548
531

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.12

.62

.36

.30

.01

.15

.60

.80

.28

.66

.82

.31

.67

.63

.49

.97

.73

0.00
0.93
1.15
1.26
1.34
1.40
1.45
1.47
1.59
1.61
2.08
2.55
2.79
3.04
3.29
3.52
4.52
5.02
5.42
5.85
6.29
8.71
9.23
9.73
10.33
10.63
10.86
26.54
25.94
24.12
22.56
21.81
21.51
21.28
21.19
21.47
21.55
21.57
21.63
21.63
21.83
22.00
22.25
22.43

RECOVERY t/t'
TIME-t'

min

B-239



02.1831
TIME-t

min

200.00
210.00
220.00
230.00
240.00
250.00
260.00
270.00
280.00
292.00
304.50
314.00
320.00
330.00
340.00
350.00
360.00
370.00
400.00
430.00
431.45
431.75
432.88
434.02
435.08
436.50
437.82
439.13
440.50
442.90
443.33
446.43
449 . 50
451.60
454.97
460.50
466.08
473.17
481.92
493.42
500.50
508.83
519.17
533.87
552.53
562.83
588.25
622.00
652.00
682.00
712.00
742.00
772.00

DEPTH DRAWDOWN ADJUSTED
DRAWDOWN

ft ft ft

31.96 26.22 19.35
32.85 27.11 19.76
33.68 27.94 20.13
34.35 28.61 20.42
35.21 29.47 20.79
36.05 30.31 21.12
36.73 30.99 21.39
38.04 32.30 21.87
38.84 33.10 22.14
38.75 33.01 22.11
38.74 33.00 22.11
39.68 33.94 22.42
39.74 34.00 22.44
39.23 33.49 22.27
39.41 33.67 22.33
39.32 33.58 22.30
40.20 34.46 22.59
40.20 34.46 22.59
40.25 34.51 22.60
40.25
39.30
39.00
38.00
37.00
36.00
35.00
34.00
33.00
32.00
31.00
30.00
28.00
26.00
24.00
22.00
20.00
18.00
16.00
14.00
12.00
11.00
10.00
9.00
8.00
7.00
6.60
6.00
5.85
5.83
5.81
5.81
5.80
5.80

34
33
33
32
31
30
29
28
27
26
25
24
22
20
18
16
14
12
10
8
6
5
4
3
2
1
0
0
0
0
0
0
0
0

.51

.56

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.26

.86

.26

.11

.09

.07

.07

.06

.06

22.60
22.30
22.20
21.85
21.49
21.10
20.70
20.27
19.83
19.36
18.88
18.37
17.30
16.16
14.93
13.62
12.23
10.76
9.21
7.58
5.87
4.98
4.08
3.15
2.21
1.24
0.85
0.26
0.11
0.09
0.07
0.07
0.06
0.06

t-Ti ADJUSTED
TIME

min

103.00 520.19
113.00 512.76
123.00 508.36
133.00 506.27
143.00 505.99
153.00 507.13
163.00 509.43
173.00 512.66
183.00 516.68
195.00 522.36
207.50 529.09
217.00 534.67
3.00 2725.49
13.00 1750.76
23.00 1488.73
33.00 1352.17
43.00 1266.10
53.00 1206.60
83.00 1105.44
113.00
1.45
1.75
2.88
4.02
5.08
6.50
7.82
9.13
10.50
12.90
13.33
16.43
19.50
21.60
24.97
30.50
36.08
43.17
51.92
63.42
70.50
78.83
89.17
103.87
122.53
132.83
158.25
192.00
222.00
252.00
282.00
312.00
342.00

1058
729
603
366
262
207
161
134
115
99
81
78
63
53
48
41
33
28
23
19
16
14
13
11
9
8
7
6
5
4
4
4
3
3

.63

.06

.90

.57

.34

.41

.90

.42

.01

.90

.17

.53

.58

.47

.21

.63

.99

.67

.91

.85

.23

.60

.06

.56

.95

.48

.85

.66

.58

.90

.40

.00

.69

.43

s/Q RECOVERY
TIME-t'

min
23.03
23.52
23.97
24.32
24.74
25.15
25.46
26.03
26.36
26.33
26.32
26.69
35.06
34.80
34.90
34.85
35.29
35.29
35.31
35.31
34.84
34.68
34.15
33.58
32.97
32.34
31.68
30.98
30.26
29.50
28.71
27.04
25.24
23.32
21.28
19.10
16.81
14.39
11.84
9.17
7.79
6.37
4.93
3.45
1.94
1.33
0.41
0.17
0.14
0.11
0.11
0.09
0.09

1
1
2
4
5
6
7
9
10
12
13
16
19
21
24
30
36
43
51
63
70
78
89
103
122
132
158
192
222
252
282
312
342

.45

.75

.88

.02

.08

.50

.82

.13

.50

.90

.33

.43

.50

.60

.97

.50

.08

.17

.92

.42

.50

.83

.17

.87

.53

.83

.25

.00

.00

.00

.00

.00

.00

t/f

297.55
246.71
150.31
107.97
85.65
67.15
55.99
48.10
41.95
34.33
33.26
27. 17
23.05
20.91
18.22
15.10
12.92
10.96
9.28
7.78
7.10
6.45
5.82
5.14
4.51
4.24
3.72
3.24
2.94
2.71
2.52
2.38
2.26
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021*32

STEP DRAWDOWN TEST - WELL ERT 10

OBSERVATION WELL - ERT-9

Saturated Thickness 50

static water level 5.55

TIME-t DEPTH DRAWDOWN ADJUSTED
DRAWDOWN

min

0.
4.
11.
15.
20.
25.
30.
35.
40.
45.
50.
55.
60.
70.
80.
90.
100.
105.
110.
115.
120.
125.
130.
135.
140.
145.
150.
155.
160.
170.
180.
190.
200.
210.
220.
232.
240.
249.
261.
269.
281.
289.

00
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
30
00
10
50
60
70
35

ft

5.55
5.82
6.08
6.31
6.49
6.60
6.66
6.72
6.78
6.82
6.85
6.87
6.91
6.96
6.98
6.96
6.90
6.82
6.76
6.71
6.67
6.63
6.60
6.58
6.57
6.55
6.54
6.53
6.52
6.50
6.49
6.48
6.48
6.46
6.47
6.46
6.47
6.45
6.44
6.42
6.44
6.42

ft

0.
0.
0.
0.
0.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

00
27
53
76
94
05
11
17
23
27
30
32
36
41
43
41
35
27
21
16
12
08
05
03
02
00
99
98
97
95
94
93
92
91
92
91
92
90
89
87
89
87

ft

0.
0.
0.
0.
0.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

feet

feet

t-Ti ADJUSTED
TIME

S/Q

min

00
27
53
75
93
04
10
16
21
25
28
30
34
39
41
39
33
25
20
15
11
06
04
02
01
99
98
97
96
94
93
92
92
90
91
90
91
89
88
86
88
86

3
8
13
18
23
28
33
38
43
48
53
58
63
73
83
93
103
113
123
135
143
152
164
172
184
192

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.30

.00

.10

.50

.60

.70

.35

0
4
11
15
20
25
30
35
40
45
50
55
60
70
80
90

12662
3970
2283
1615
1269
1061
925
830
760
708
667
635
610
572
547
531
519
512
508
506
505
506
509
512
517
521

.00

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.50

.56

.94

.27

.67

.43

.75

.35

.10

.59

.18

.69

.80

.32

.96

.94

.03

.73

.47

.20

.06

.99

.98

.86

.52

.43

.03

0.00
0.13
0.26
0.37
0.45
0.51
0.54
0.56
0.59
0.61
0.63
0.64
0.65
0.68
0.69
0.68
1.59
1.49
1.42
1.36
1.32
1.27
1.24
1.21
1.20
1.18
1.17
1.16
1.14
1.12
1.11
1.10
1.09
1.07
1.09
1.07
1.09
1.06
1.05
1.03
1.05
1.03

RECOVERY t/t1

TIME-t•
min

B-241



TIME-t DEPTH DRAWDOWN ADJUSTED
DRAWDOWN

min ft ft ft

302.15 6.42 0.87 0.86
309.33 6.40 0.85 0.84
321.65 6.35 0.80 0.79
333.00 6.32 0.77 0.76
341.33 6.31 0.76 0.75
351.82 6.28 0.73 0.72
359.50 6.27 0.72 0.71
371.77 6.25 0.70 0.70
379.18 6.25 0.70 0.70
391.65 6.22 0.67 0.67
400.12 6.20 0.65 0.65
411.43 6.18 0.63 0.63
419.50
431.90
436.50
441.92
448.50
452.50
456.00
461.50
467.00
472.00
477.00
482.50
490.00
500.00
510.00
520.00
530.00
540.00
550.00
560.00
590.00
620.00
650.00
680.00
710.00
740.00
770.00

6.17
6.15
6.15
6.12
6.08
6.05
6.02
5.99
5.95
5.93
5.90
5.88
5.85
5.82
5.80
5.76
5.72
5.71
5.70
5.68
5.65
5.61
5.59
5.58
5.58
5.57
5.56

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.62

.60

.60

.57

.53

.50

.47

.44

.40

.38

.35

.33

.30

.27

.25

.21

.17

.16

.15

.13

.10

.06

.04

.03

.03

.02

.01

0.62
0.60
0.60
0.57
0.53
0.50
0.47
0.43
0.40
0.38
0.35
0.33
0.30
0.27
0.24
0.20
0.17
0.16
0.14
0.13
0.10
0.06
0.04
0.03
0.03
0.02
0.01

t-Ti ADJUSTED
TIME

min

205.15 527.76
212.33 531.88
4.65 2382.69
16.00 1648.66
24.33 1466.01
34.82 1333.76
42.50 1269.65
54.77 1197.95
62.18 1166.33
74.65 1125.96
83.12 1105.17
94.43 1083.46
102.
1.
6.
11.
18.
22.
26.
31.
37.
42.
47.
52.
60.
70.
80.
90.
100.
110.
120.
130.
160.
190.
220.
250.
280.
310.
340.

50
90
50
92
50
50
00
50
00
00
00
50
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

1071
556
161
87
56
46
39
32
27
24
21
19
17
14
12
11
10
9
8
8
6
5
4
4
4
3
3

.27

.15

.90

.91

.39

.26

.96

.90

.95

.59

.95

.63

.16

.70

.87

.45

.33

.41

.65

.01

.59

.63

.94

.43

.03

.71

.45

s/Q RECOVERY
TIME-t '
min

1.03
1.00
1.24
1.19
1.18
1.13
1.12
1.09
1.09
1.04
1.01
0.98
0.96
0.93
0.93
0.89
0.82
0.78
0.73
0.68
0.62
0.59
0.54
0.51
0.47
0.42
0.38
0.32
0.27
0.25
0.23
0.20
0.16
0.09
0.06
0.05
0.05
0.03
0.02

1.90
6.50
11.92
18.50
22.50
26.00
31.50
37.00
42.00
47.00
52.50
60.00
70.00
80.00
90.00
100.00
110.00
120.00
130.00
160.00
190.00
220.00
250.00
280.00
310.00
340.00

t/t«

227.32
67.15
37.07
24.24
20.11
17.54
14.65
12.62
11.24
10.15
9.19
8.17
7.14
6.38
5.78
5.30
4.91
4.58
4.31
3.69
3.26
2.95
2.72
2.54
2.39
2.26
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STEP DRAWDOWN TEST - WELL ERT 10

OBSERVATION WELL - REI-10-4

Saturated Thickness 42.54 feet

static water level 5.46 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t'

min ft ft ft min

0.00
20.00
40.00
68.00
91.00
125.00
150.00
181.00
214.00
246.00
273.00
308.00
344.00
365.00
392.00
420.00
430.00
431.00
435.00
440.00
448.00
453.00
458.00
475.00
490.00
505.00 *

520.00
535.00
550.00
565.00
595.00
625.00
655.00
685.00
715.00
745.00
775.00

5.46
5.60
5.85
6.02
6.11
6.04
5.97
5.95
5.95
5.94
5.93
5.93
5.88
5.88
5.84
5.82
5.82
5.82
5.81
5.80
5.78
5.77
5.75
5.70
5.66
5.63
5.60
5.58
5.57
5.55
5.55
5.51
5.50
5.50
5.49
5.48
5.47

0.00
0.14
0.39
0.56
0.65
0.58
0.51
0.49
0.49
0.48
0.47
0.47
0.42
0.42
0.38
0.36
0.36
0.36
0.35
0.34
0.32
0.31
0.29
0.24
0.20
0.17
0.14
0.12
0.11
0.09
0.09
0.05
0.04
0.04
0.03
0.02
0.01

0.00
0.14
0.39
0.56
0.65
0.58
0.51
0.49
0.49
0.48
0.47
0.47
0.42
0.42
0.38
0.36
0.36
0.36
0.35
0.34
0.32
0.31
0.29
0.24
0.20
0.17
0.14
0.12
0.11
0.09
0.09
0.05
0.04
0.04
0.03
0.02
0.01

1.00
5.00
10.00
18.00
23.00
28.00
45.00
60.00
75.00
90.00
105.00
120.00
135.00
165.00
195.00
225.00
255.00
285.00
315.00
345.00

431.00
87.00
44.00
24.89
19.70
16.36
10.56

8.17
6.73
5.78
5
4
4
3

10
58
19
61

3.21
2.91
2.69
2.51
2.37
2.25

B-243



O
w

1
1

...

„ ,

f-
•
—,

—

._

..

pf*
-

...

fcJU

T

.

;
,

•

.

_-.

<

_

...

: ;

: •

• • :

'

"

r •

."K i x ;

..: '. i

• ; •• '

ii :|
._.'..O 1

. . . :

....

-1L-

. .
'

.*_:.

• • •'.

i •

'".:..

•"•'-.
1 . O.

.

-̂ -,...

! •

-

. - • . 1

..

'

• ! •

"X-

i!:!

r- "•

.. ..I*
. . . :

I:.:

LiU

...

--

_...

:: •

;: '

..A

_.

• •:

•::,

.. :....

. i. ..
-.1.:
...j ..

i
... j...

1 i •'

"*'['"!
... \. .

. .1

'.'.i...

'• !•'•

i
.

.i

i
-j-

J~"
t

~'.

..j.
""TV

xl

..i

..1

. .1 .,

"f
. . 1 .

j...

- •

— -

_i:

—

i::

...

••

..i

...

'-'•

::':

••
—

...

.::.

:::

•;.:

....

I

•
• j

.. .

.i
. i...(...

.. L.

1 i
100 1OOO

C«Ji

FRENCH LIMITED PROJECT
CROSBY. TEXAS

FIGURE A2-6
••HI-LOO PLOT U I/A VetaUl ADJUSTED TIME

DUMPED
.OBSEKVATIOH '••" •
J>ATE(«)| __ AIIO. IMS

pnoj«CT n«. . 26 |DATE 9/12 IHBVISIOH
PHEPAHEO DY: APPLIED HVONOLOOV ASSOCIATES. OEHVEM CO



0.
O

U.

O

or
or
r*
c,

.H I--:!-::-.-1-f-f
. !::::!::. . : !:. i

OBSERVATION WELL ERT-
RECOVERY ANALYSIS |

-Mb
759(3.0)S«
4790(9.05)*

8 • .0058

10 1000

ADJUSTED TIME

FRENCH LIMITED PROJECT

CHOSBV. TCXAS

FIGURE A2-7
SHU-LOO PLOT or s/a vmsus ADJUSTED TIME

DUMPED WBLLl. EBT-10

...OBSEHVATIOH »«i-Li BBT-S

.BATSIBIl AIM. IS. I»SS

PROJECT N». DATE IMBVISIOH

PHEPAIIEO SY: APPLIfO HVOHOLOQV ASSOCIATES. DENVEH CO.



02*837

ADJUSTED DRAWDOWN (FT.)

B-246 -



02

FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TESTS: August 8 and 9, 1988

PUMPED WELL: ERT-20

TOTAL DEPTH: 50 FEET

OBSERVATION WELLS: GW-08, radial distance 156.7 feet

CONTROL WELLS: ERT-21, REI-6-2, ERT-7 and ERT-7A

BACKGROUND AND DESCRIPTION OF TEST:

The test of well ERT-20 was included to provide information about aquifer
characteristics in the vicinity of possible groundwater recovery wells
south of the French Limited Lagoon. There were no preliminary aquifer test
data upon which to base a pumping rate for the test. The personnel
performing the test decided to attempt to pump the well at 10 gpm because
at this rate there was a possibility that a response would occur in
observation well GW-08 during an eight-hour test. An observation well
response would be needed to determine a storage coefficient at this
location and it was thought that pumping at a lower rate would not likely
produce a response in the nearest well.

Lithologic and well completion logs and an illustration of the location of
the pumped well, ERT-20 and the observation well, GW-8, precede the aquifer
test data which follow.

Prior to pumping well ERT-20, the depth to static water level below the top
of casing in the pumped well and the observation wells was measured using
an electronic well sounder with accuracy to .01 feet. The well was pumped
with a submersible pump and water level measurements were taken with an
electronic sounder at the pumped well, the observation well and the control
wells. The test was started and a flow measurement of ten gpm was obtained
using the bucket and stop watch. The water level was drawn down to the
pump intake after about 25 minutes and the test was terminated after 25.5
minutes of pumping. Only one flow measurement had been taken with a bucket
and stop watch. The. flow was visually observed to have declined to a
trickle after 25 minutes. Recovery measurements were taken at the pumped
well for about 3.75 hours following termination of pumping.

The test was re-run on August 9. Water level measurements were taken with
an electronic sounder at the pumped well, the observation well and the
control wells. The drawdown values for the pumped well were determined
and corrected using the following correction developed by Jacob (1963) to
allow the solutions for confined aquifers to better apply to unconfined
conditions:

s' - s-s2/2Ho
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where: a' — adjusted drawdown
s - drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements for the pumped well
during the pump test and recovery period. The data sheets include the
observed drawdowns and the corrected drawdowns.

During this test the water was pumped through a hose directly into the
French Limited Lagoon some distance away. Flow measurements were taken
using a bucket and stop watch by personnel monitoring the control wells;
flow data were recorded on the control well monitoring forms. The valve
in the discharge hose was set to maintain a constant rate of about 2.04 gpm
for the first 75 minutes of the test. However, the flow increased to about
2.5 gpm after 85 minutes of pumping. It was assumed that the pumping rate
changed after 78 minutes into the test although the change may have been
more gradual than abrupt. The flow measurement after 115 minutes of
pumping showed a rate of 2.67 gpm. Even though the generator powering the
submersible pump was changed 99 minutes into the test, this was not thought
to have contributed to the increase in the pumping rate because most of the
rate increase occurred prior to changing generators.

At approximately 136.5 minutes into the test, the pump stopped
unexpectedly. Water level recovery measurements were taken at the pumped
well during the first two hours following termination of pumping. The pump
was pulled following completion of the recovery measurements. A short in
the electrical cable had caused the pump to stop. The cable was replaced.
However, it was decided not to repeat the test because the pumping rate
which could be sustained during the eight-hour test was not likely to have
produced a response in the nearest observation well, GW-08, located about
157 feet from the pumped well. It was thought that there would be little
value to repeating a single well test of longer duration at the site, and
that the effort could be spent more productively at another location.

Following discussions with Ms. Kathleen O'Reiley of the Region VI U.S. EPA
on site on August 11, it was agreed that a pump test of well ERT-22 would
be more useful than conducting a longer term test on well ERT-20.

Water produced from the test was pumped into 55-gallon drums during the
first test. The contents of the 55-gallon drums were emptied into the
French Limited Lagoon following completion of the first test. During the
second test, a discharge hose was run directly to the French Limited
Lagoon.

Observation and control wells were monitored for water levels about every
one-half hour during pumping but were not monitored during recovery. Field
measurements for the observation and control wells are attached.

INTERPRETATION:

The control wells ERT-7, ERT-7a, ERT-21 and GW-8 showed no obvious response
due to pumping well ERT-20. The water levels in all four wells declined
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from 0 to 0.04 feet during the test. These changes were obviously small
and thought to follow a diurnal pattern similar to that observed for the
control wells during the ERT-10 well test.

Based on the "u" parameter criterion, the semi-log techniques would be
applicable to nearly the entire data range for the pumped well except that
portion subject to well bore storage influences. The time when well bore
effects were no longer significant was calculated using the method of
Schafer (1978) described in Section B-2.1 and shown below:

tc - 0.6(16-l)/(2.05/5.05*) - 20.9 minutes

* drawdown at time tc - 20 min.

Drawdown and adjusted drawdown values are included in the attached data
sheet. Following the procedures of Birsoy and Summers (1980), an adjusted
time was calculated for the drawdown data and a dimensionless time was
calculated for the recovery data.

The ratio of adjusted drawdown to the associated pumping rate for the
production well ERT-20 was plotted against the log of adjusted time on the
attached semi-log graph in Figure A2-9. The ratio of the adjusted
residual drawdown (recovery) to the final pumping rate was also plotted
against the log of dimensionless time on the same semi-log plots. Well
bore effects had a significant influence for about the first 20 minutes of
each constant rate pumping interval and on the first 20 minutes of the
recovery data.

The transmissivity calculated from the valid portion of the recovery data
on the semi-log plots was 695 gpd/ft. The transmissivity calculated from
the valid portion of the initial drawdown data was 343 gpd/ft. The
estimate from the recovery data is considered to be the more reliable
estimate. Delayed yield effects were not observed but could have been
masked by the variable pumping rate.

A storage coefficient could not be determined from the single well response
data.
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ERT. StlMt lOf 1

A RESOURCE ENGINEERING COMPANY

SUBSURFACE EXPLORATION LITHOGRAPHIC LOG OF ERT-7

Olant : French LTD.
Project Nome : French LTD.
Project Locolion : Crosby. Ttxo*
Job Number : 275-21 Boring No : ERT-7
Logged By : D. Morgan
Approved By : C. Spradley
Drtled B> : Gulf Coast Coring

DRILLING AND SAMPUNG INFORMATION
Dote Started : 9/28/87 Dote Completed : 9/28/87
Method : MR Total Depth : 40'

WELL COMPLETION INFORMATION
Scr.«n Die : 4* Length : 2B.O'
Slot Size : .010 T>pe : PVC
Coring Dla : 4* Length : 17.7'
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A RESOURCE ENGINEERING COMPANY

Shttt_iol JL

BORING LOG AND CONSTRUCTION
OF ERT-7A
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Betalli of Monitor Veil Construction ,

freject liaise: FRENCH LIMITED SITE lorfng Winber: *El;6-2

Ihffber: 275-02 Date Installed: 3-7-84

Irtter Level PCeuurwent: 6.65 (El. • 8.83 t«.*-iO-84)

16.51

B«nton1ti S«a1

Top of Casing El.*

Protective Steel Casing
Ground Surface El.1

-Ctment-ltntonlte Sroot
(4-1 •<*)

top Of Mil

botten of tttl *.

top of scrttn

Sand Pack

.010 Inch ilot
Slotted Hell Screen

Total Depth • 25.5
bottom of screen

«J lorehole Diameter
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PUMPED WELL: ERT-20

CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV MEAN-DEV MEAN-DEV MEAN-D
REI-6-2 ERT-7 ERT-7A ERT-21

HOUR min REI-6-2 7.20 ERT-7 4.85 ERT-7A 5.43 ERT-21 4.79

7
8
8
9
10
7
8
8
9
10
7
8
8
9
10
7
8
10

35 7.2 0.00
12 7.2 0.00
49 7.2 0.00
55 7.21 -0.01
34 7.21 -0.01
41 4.83 0.02
16 4.85 -0.00
53 4.85 -0.00
38 4.85 -0.00
28 4.85 -0.00
40 5.42 0.01
15 5.43 0.00
52 5.44 -0.01
37 5.45 -0.02
31 5.43 0.00
54 4.79
35 4.79
1 4.79

0
Q
0
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STEP DRAWDOWN TEST - WELL ERT-20

Saturated Thickness 44.24 feet

static water level 5.76 feet

TIME-t DEPTH DRAWDOWN ADJUSTED t-tn adjusted
DRAWDOWN

min ft ft ft

0.00
0.50
00
,00
,00

1,
2,
3,
4.00
,00
,00
,00

5,
6,
7,
8.00
9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
70.00
80.00
90.00
100.00
111.00
120.00
150.00
180.00
197.00
197.50
198.00
198.33
198.50
198.67
199.00
199.17
199.50
199.83
200.17
200.33

5.76
7.16
7.80
8.56
9.07
9.42
9.73
9.96
10.13
10.28
10.39
10.48
10.67
10.80
10.76
10.81
10.81
11.00
11.22
11.40
11.51
11.61
11.67
11.75
11.85
11.91
12.61
12.85
12.95
13.40
13.53
13.77
13.96
12.70
12.45
12.00
11.55
11.40
11.25
10.95
10.79
10.50
10.12
9.80
9.65

0.00
1.40
2.04
2.80
3.31
3.66
3.97
4.20
4.37
4.52
4.63
4.72
4.91

0.00

5,
5,
5,
5,
5,
5.

,04
,00
,05
05
24
46

5.64
5.75
5.85
5.91
5.99
6.09
6.15
6.85
09
,19
,64

7.77
8.01
8.20
6.94
6.69
6.24
5.79
5.64
5.49
5.19
5.03
4.74
4.36
4.04
3.89

7.
7,
7,

1.
1.
,38
,99

2.71
3.19
3.51
3.79
4.00
4.15
4.29
4.39
4.47
4.64
4.75
4.72
4.76
4.76
4.93
5.12
5.28
5.38
5.46
5.52
5.58
5.67
5.72
6.32
6.52
6.61
6.98
,09
,28

7.44
6.40
6.18
5.80
5.41
5.28
5.15
4.89
4.74
4.49
4.15
3.86
3.72

7,
7,

2.00
12.00
22.00
33.00
42.00
25.00
55.00
0.50
1,
1.
1,

00
50
83

2.00
2.17
2.50
2.67
3.00
3.33
3.67
3.83

justed
me

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
70.00
40.58
62.12
75.68
88.80
98.92
117.93
151.35
338.80
169.93
113.64
93.18
85.49
78.98
68.60
64.37
57.34
51.72
47.10
45.11

S/Q RECOVERY
TIME-t '

min

0.00
0.68
0.98
1.33
1.56
1.72
1.86
1.96
2.04
2.10
2.15
2.19
2.27
2.33
2.31
2.33
2.33
2.42
2.51
2.59
2.64
2.68
2.70
2.74
2.78
2.81
2.53
2.61
2.64
2.79
2.84
2.73
2.79
2.40 0.25
2.32 0.75
2.17 1.25
2.03 1.58
1.98 1.75
1.93 1.92
1.83 2.25
1.78 2.42
1.68 2.75
1.55 3.08
1.44 3.42
1.39 3.58

t/t'

788.00
263.33
158.40
125.29
113.43
103.63
88.44
82.40
72.55
64.82
58.58
55.91
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TIME-t

nin
200.50
200.67
200.83
201.00
201.50
202.20
202.40
202.63
202.92
203.20
203.53
203.88
204.30
204.75
205.30
205.87
206.53
207.42
208.45
209.00
211.00
213.00
216.00
218.00
220.00
222.00
224.00
226.00
228.00
230.00
235.00
240.00
245.00
250.00
255.00
260.00
265.00
270.00
280.00
290.00
302.00

DEPTH DRAWDOWN ADJUSTED
DRAWDOWN

ft

9.51
9.36
9.27
9.14
8.82
8.50
8.40
8.30
8.20
8.10
8.00
7.90
7.80
7.70
7.60
7.50
7.40
7.30
7.20
7.10
7.00
6.90
6.82
6.77
6.73
6.68
6.64
6.61
6.57
6.55
6.47
6.42
6.37
6.36
6.31
6.29
6.27
6.24
6.21
6.17
6.14

ft

3.75
3.60
3.51
3.38
3.06
2.74
2.64
2.54
2.44
2.34
2.24
2.14
2.04
1.94
1.84
1.74
1.64
1.54
1.44
1.34
1.24
1.14
1.06
1.01
0.97
0.92
0.88
0.85
0.81
0.79
0.71
0.66
0.61
0.60
0.55
0.53
0.51
0.48
0.45
0.41
0.38

ft

3.59
3.45
3.37
3.25
2.95
2.66
2.56
2.47
2.37
2.28
2.18
2.09
1.99
1.90
1.80
1.71
1.61
1.51
1.42
1.32
1.22
1.13
1.05
1.00
0.96
0.91
0.87
0.84
0.80
0.78
0.70
0.66
0.61
0.60
0.55
0.53
0.51
0.48
0.45
0.41
0.38

t-tn adjusted
time

4.00
4.17
4.33
4.50
5.00
5.70
5.90
6.13
6.42
6.70
7.03
7.38
7.80
8.25
8.80
9.37

10.03
10.92
11.95
12.50
14.50
16.50
19.50
21.50
23.50
25.50
27.50
29.50
31.50
33.50
38.50
43.50
48.50
53.50
58.50
63.50
68.50
73.50
83.50
93.50
105.50

43.27
41.58
40.02
38.58
34.83
30.68
29.67
28.59
27.37
26.25
25.06
23.92
22.70
21.52
20.24
19.08
17.88
16.52
15.18
14.56
12.69
11.28
9.70

. 8.90
8.23
7.67
7.18
6.77
6.40
6.08
5.43
4.92
4.52
4.19
3.92
3.69
3.50
3.33
3.05
2.83
2.63

S/Q RECOVERY
TIME-t •

1.34
1.29
1.26
1.22
1.11
0.99
0.96
0.92
0.89
0.85
0.82
0.78
0.75
0.71
0.67
0.64
0.60
0.57
0.53
0.49
0.46
0.42
0.39
0.37
0.36
0.34
0.33
0.32
0.30
0.29
0.26
0.25
0.23
0.22
0.20
0.20
0.19
0.18
0.17
0.15
0.14

xnin
3.75
3.92
4.08
4.25
4.75
5.45
5.65
5.88
6.17
6.45
6.78
7.13
7.55
8.00
8.55
9.12
9.78
10.67
11.70
12.25
14.25
16.25
19.25
21.25
23.25
25.25
27.25
29.25
31.25
33.25
38.25
43.25
48.25
53.25
58.25
63.25
68.25
73.25
83.25
93.25
105.25

t/t'

53.47
51.23
49.19
47.29
42.42
37.10
35.82
34.44
32.90
31.50
30.01
28.58
27.06
25.59
24.01
22.58
21.11
19.44
17.82
17.06
14.81
13.11
11.22
10.26
9.46
8.79
8.22
7.73
7.30
6.92
6.14
5.55
5.08
4.69
4.38
4.11
3.88
3.69
3.36
3.11
2.87
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 10, 1988

PUMPED WELL: ERT-21

TOTAL DEPTH: 50 FEET

SCREENED INTERVAL: 20 FT. TO 50 FT. CASING DIAMETER: 4 IN.

OBSERVATION WELLS: GW-03, radial distance was not measured but was scaled
from Plate 4 as about 150 feet from well ERT-21

CONTROL WELLS: ERT-20, REI-6-1, REI-3-3 and REI-3-2

BACKGROUND AND DESCRIPTION OF TEST:

The test of ERT-21 was included to provide information about aquifer
characteristics in the vicinity of possible groundwater recovery wells
south of the French Limited Lagoon. There were no preliminary pumping
testing data upon which to base a pumping rate for the test. The original
work plan recommended a pumping rate of four gpm although personnel
performing the test could not sustain a four gpm rate at well ERT-20 or at
the wells near the REI-10 well cluster. The well did appear to be
completed in the more productive portion of the upper alluvial zone as
evidenced by wells ERT-7 and ERT-8. Therefore it was decided to attempt to
pump the well at a rate of approximately four gpm.

Lithologic and well completion logs and an illustration of the location of
the pumped well, ERT-21, and the observation well, GW-03, precede the
aquifer test data which follow.

Prior to pumping well ERT-21, the depth to static water level below the top
of casing in the pumped well and the observation wells was measured using
an electronic well sounder with accuracy to .01 feet. The well was pumped
with a submersible pump and water level measurements were taken with an
electronic sounder at the pumped well, the observation well and the control
wells.

The test was started and the flow as measured by the in-line Rotometer set
at 4.1 gpm. Since the water was pumped through a hose to the French
Limited Lagoon some distance away, the flow measurements using the bucket
and stop watch were taken by personnel monitoring the control wells and
were recorded on the control well monitoring forms. Measurements with a
bucket and stop watch Indicated a relatively constant pumping rate of 3.83
gpm. The pumping test was terminated after eight hours.

Water level measurements were taken with an electronic sounder at the
pumped well, the observation well and the control wells. Recovery
measurements were taken periodically for four hours after the test. A
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recovery measurement was also taken 12 hours after termination of the test.
Control wells were monitored for water levels about every one-half hour
during pumping but were not monitored during recovery. Field measurements
for the observation well GW-03 and the control wells are attached.

The drawdown values for the pumped well were determined and corrected using
the following correction developed by Jacob (1963) to allow the solutions
for confined aquifers to better apply to unconfined conditions:

s' - s-s2/2Ho

where: s' - adjusted drawdown
s - drawdown and
Ho - initial saturated thickness

The attached data sheet presents the measurements for the pumped well
during the pumping and recovery periods. The data sheets include the
observed drawdowns and the corrected drawdowns.

As indicated previously, the water produced from the test was pumped
through a hose and directly into the French Limited Lagoon.

INTERPRETATION:

The control wells ERT-20, REI 3-2, REI 3-3 and REI 6-1 showed different
diurnal patterns as shown in Figure 1. The diurnal fluctuation in well REI
6-1 was greatest at 0.08 feet. No precipitation was recorded during the
test. Wells REI 3-2 and REI 3-3 showed a slight drop in water levels
during the day. This decline is unlikely to have been related to pumping
because observation well GW-3, located much closer to the pumped well,
declined by only 0.03 feet during the test. The water levels in control
wells ERT-20 and REI 6-1 showed a diurnal pattern similar to that observed
in the control wells during the ERT-10 test. The highest water levels
appeared between 14:00 and 16:00 (2:00 and 4:00 p.m.) and the lowest levels
appeared between 11:00 and 12:00 (11:00 a.m. and 12:00 p.m.). The attached
sheet contains data on water level fluctuations for the control wells.

From the pattern of fluctuations seen in the control wells, there is no
basis to adjust the measurements in wells ERT-21 and GW-3 for the observed
diurnal fluctuations because of the small magnitude of the fluctuations in
the control wells and the lack of consistency in the pattern of
fluctuations between the control wells.

Based on the "u" parameter criterion, the semi-log techniques would be
applicable to nearly the entire data range for the pumped well except that
portion subject to well bore storage influences. The time when well bore
effects were no longer significant was calculated using the method of
Schafer (1978) described in Section B-2.1 and shown below:

tc - 0.6(16-l)/(3.83/10.32*) - 24.3 minutes

* drawdown at time tc - 25.5 min.
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Drawdown and adjusted drawdown values are included in the attached data
sheet.

Adjusted drawdown values from the pumped well ERT-21 were plotted against
the log of time on the attached Cooper and Jacob (1946) semi-log plot in
Figure A2-10. A rise in the water level observed at 120 minutes into the
test could not be explained by a change in pumping rate. Measurements of
pumping rate taken before and after the rise in water level were
consistent. It is possible that the rise was simply a flattening of the
drawdown response due to delayed yield effects that are often typical of
water table pump test response (see Neuman, 1975).

Well bore storage effects were determined to have influenced the drawdown
response during the first 25 minutes of the test. The transmissivity value
determined from the response from 25 minutes to 90 minutes (just before the
rise in water levels) was 184 gpd/ft. For the drawdown response after the
rise at 210 minutes, the calculated transmissivity was 277 gpd/ft.

The water level recovery data from well ERT-21 were analyzed via the The is
(1935) Recovery method on semi-log plots of residual drawdown values
adjusted using Jacob's correction versus the log of t/t', where t is time
since pumping started and t' is time since pumping stopped. The The is
Recovery plot in Figure A2-11 did not exhibit the fluctuations apparent in
the drawdown analyses. Well bore storage effects were determined to have
influenced the recovery plot for values of t/t' greater than 20. A
straight-line fit to the portion of the residual drawdown curve for values
of t/t' less than 20 produced a transmissivity estimate of 595 gpd/ft. It
was concluded that the recovery measurements provided the most reliable
data for assessing the transmissivity in the vicinity of the ERT-21 well.

The drawdown in well GW-03 due to the constant pumping during the eight-
hour test at well ERT-21 was only 0.03 of a foot and could not be
satisfactorily matched to a Theis or Boulton curve. Furthermore, the total
magnitude of the response was actually less than the natural variability
observed in control wells. It appears that if there was an actual
response in well GW-03 due to pumping well ERT-21 for eight hours, the
magnitude of the response was insufficient to provide an accurate estimate
of drawdown response .that could be used for a quantitative analysis. The
water levels and drawdown data for well GW-03 are attached.
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FG3
FG2

431-8 ERT-
ERT-7*ERT-7A

ERT-22

W-3(Approximate Location)

r?
PUMPED WELL
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CONTROL WELL

TEST LOCATION

) »OQ 200

FEET

N

t
400

LANDFILL

FRENCH LIMITED TASKGROUP.INC.
FRENCH LIMITED SITE

CROSBY, TEXAS

LOCATION MAP
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DETAILS OF MONITOR VZIL CONSTRUCTION
Project Haae: FRENCH LIMITED SITE Borin* Hunter: REI-.6-1
Project number; ?7̂ -Q? ' Date Installed: 3-4-86

Water Level Measurement: 6.85 ""
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DESCRIPTION
SILTY CLAYEY
SANH f^^^

SILTY SAND
fine to medium
grained with
some gravel
(SP-SH)

SILTY CLAY
stiff, x

• •*• ^

(CH)

SANDY SILT
very fine

(ML)

SILTY CLAYEY
SAND, with some
thin clay seams

(SC-SM)

VERY SILTY SANDY
CLAY (CL-ML)

SILTY CLAY
stiff (CH)
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DRILLING «n« SAMPLING INFORMATION

SOIL CLASSIFICATION

SURFACE ELEVATION - 13.0

51LIX CLAitX SANU.iine grained,
brown to gray, with some thin
•ilty clay seams.
(SM-SC) (-)200 • 20Z

•' (-)200 - 12.61

SAND, medium to fine grained,
gray.

(-)200 • 5.2Z
(-)200 - 2.9Z

(-)200 - 2.9Z

(-)200 • 2.6ZSep_eu^ * /*ww A . W M
is* sw; <-)200 - l.BZ

(-)200 - 2.8Z
(-)200 - 2.1Z
(.)200 • 2.4Z

SILTY CLAY, yellow brown to \
gray mottles (CH-CL) \
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li

4.5

25.0
•^M^MM

11
~

—I

51

-

-

10—

.
M.

•V

15 "
.* ^

m

iV
••̂

m*
^A

20—

•̂
•v

^
•P

25 **

•p
•P
•V

1.
1.

1.
1.

HI

ftZ

01

02

03

f!4
05

06

07

08

09

10

11

12

13

14

15

16

17

•1

a
SS

ss
ss

ss
ss
ss

ss
ss
ss
ss
ss

ss
ss

ss
ss
ss

ss

s1
•
«r

39

56

56

fi7
56

67

56

39

33

56

61

67

56

61

39

67

56

G
R

O
U

N
D

 W
A

T
E

R

-_.. R E I : 6 - 1
27502

Tmtr JB

^WB^Ml fftMPVF*BWra e»l

1

i!
10

8

4

3
1

7

11

15

18

16,

11

B

10

12

12

13

5

JDA
TEST DATA

m +

1

S

10

K

I]

>

L
I S!

Wfc M

^^M

^I^M

•̂

•M*

^

^

IB

•̂

W

1̂

^

-

-

-

-

—

-

•AMf LIN TVM
ft- DRIVIN tH.fl IfOOH
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anoimo WATER Di
AT COMPLETION
AFTER MRI.
WATER ON RODS

•ORIN6 METHOD
N»A -HOLLOW ITEM AUGERS
Cr A - CONTINUOUS r LIGHT AUGtKI

DC- DRIVING CASING
MO - MUD DRILLING
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Kl RESOURCE
JJfj ENGINEERING

INCORPORATED

page Z of 3

SUBSURFACE EXPLORATION
RECORD

~

-5

-3

—
-

-fj

-

r..._. roFNru i TMTTm TIC* rnorr RE I : o-i
„- 27502

«..,_.. — French Site • .. — .„ JB

DRILLING WH» SAMPLING INFORMATION

SOIL CLASSIFICATION

SURFACE ELEVATION -

S1LTY CLAY, yellow brown to gray,
mottle*, with thin tilt i tand
•east. :•
(CH-CL) (-)200 - 98.1"

(.)200 • 81.3"

SANDY CLAYZT SILT -
very fine grained, olive to
gray.

(ML) (-)200 • 54Z
(-)200 - 57Z

(-)200 • 49Z
/•/ \ie\ntli

S1LTY CLAYEY SAKD, fine 'grained,
very fine grained. olive gray,
with thin eilty clay aeama,&
oily ttreaka and ataina.

(SC-SM) (-)200 - 53Z
(b)200 - 41Z
(-)200 - 60Z

VERY SILTY "SANDY CLAY/CLAYEY"
SANDY SILT, red brown to gray
with thin ailt t tand aeaaa.
(CL-HL) (-)200 • B4Z

• (-)200 • 51Z
Change to Silty Clay

Continued on page 3
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IT- PRESSED SHELIYTUIC
CA- CONTINUOUS f LIGHT AUCER
RC- MOCK COM I

OMOUNO WATER DEPTH
7 AT COMPLETION 5.4
7 AFTER MRS.

WATER ON RODS
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FT.

tORINQ METHOD
HtA - HOLLOW STEM AUGERS
CFA - CONTINUOUS FLIGHT AUGERS

DC- DRIVING CASING
MO - MUD DRILLING



• V\ ASEt

SI RESOURCE
Ijfj ENGIHEERIHG

INCORPORATED

pagt 3 of 3

SUBSURFACE EXPLORATION
RECORD

1*_ Frtneh Liaitid Ta»k Fore* .— - R E I : 6 - 1
*.~. . p TH,, J-.. 275-02
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-mimr»-T Frtneh Site „.
.-, Cro.by. T.xa.

DRILLING «•« SAMPLING INFORMATION
.̂....— 3-2-85 i ^ 140 -

r.m.i.M-1 3-3-85 tfcwm D, 30 „

SOIL CLASSIFICATION

SURFACI ILIVATION -

SILTY SAtiDY CLAY/CLAYEY SILT
CCL-KL) ' /"

SILTY CLAY, ridbrovn to gray
notclci. atiff vith silt scan.]

(-)200- 98Z

(CH-CL)

VERY CLAYEY SILT, ndbrovn to
gray, stiff vith viry thin
•lit stas«

(HH)
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Jl S Sit.s i •* ^SuS

li
JLU

56.!

•

Zw

Is
-
i
-

mZ

-

60—
M

M

Ml

Ml
M
Ml

KBflMBBi

Mi

Mi

Mi

•M

70—
MM

•BM

•Bl

Mi

•MBB

•Bl

75—
Ml
Mi
Mi
Mi

1.

i.

i.

h
35

36

37

38

39

40

41

a

ss
ss
ss
ss
ss

ss
ss

1
s

95

95

95

95

IOC

95

75

M

i

•M*

Wl

\
1

•» J

*•••«

5

]

16

19

17

20

9

9

9

•t

B
JDA

TUT DATA

11

i

!5*

,1
•

{-

•

\ i
•*** Wfc

PL-21
1_/ |

•*ll

LL-39
'L-20

.L-51
'L-20
•X-19

^

^^

^

•̂

^

^

^
^
i*
^

^

•AMFLtN TY?I
SS. DRIVIN I»LIT i*OON
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mf _ mnr* mm*

•MOUND KATIH DIPTH
AT COMTklTION 3.4 rf.
AFTIN MAI. FT.

HM *nn« rr

MITMOO
MSA - HOLLOW triM AUCCNS
cr A - CONTINUOUI FLIGHT AUGMS

DC - DRIVING CASING
MO - MUD DRILLING
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Details of Monitor Veil Construction

Name: FRENCH LIMITED SITE BoHng Number:

froject Number: 275-02 fete Instilled

tfater Level Measurement: s.ia fEi. •'3.17 on *-i?-

lentonlte Seal

Top of Casing El.*

Protective Steel Casing
Ground Surface El." 11.04

Sand Pack

Cement-BentoMte firout
(4-2 «1x)

top of seal

bottom of sail

top of screen

.010 inch slot
Slotted Hell Screen

Totil Depth • 33.5
bottom of screen

••» lorehole Diameter

B-271



RESOURCE

^ .1?iEfENGINEERS
" INCORPORATED

page 1 of 2

SUBSURFACE EXPLORATION
RECORD

TRENCH LIMITED TASK FORCE MT. 3-2

DRILLING •»« SAMPLING INFORMATION TUT DATA
». — 5/13/85 «~w. 140 ,*.
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SOIL CLASSIFICATION

SURFACE ELEVATION- (10.9)

SILTY SAND, fine grained, tan
(SM)

CLAYEY SILTY SAND, fine
grained, gray

(SO

SAND, fine to medium grained.
gray

(SP-SW)

•

•

VERY SILTY SANDY CLAY with \
thin ailt team* I

(CL-ML) ' .

Boring continued on page 2
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tS - 0NIV(N SPLIT
IT- PRESSE3 SHELIV TIME
CA- CONTINUOUS FLIGHT AUOER
KC - HOCK COME

GROUND HATIR DEPTH
7 AT COMPLETION 5.3 PT.
f AFTER MRS. PT.

WATER ON MODS FT.

•OfttNC METHOD
MIA - HOLLOW HEM AUGERS
CFA - CONTINUOUS FLIGHT AUGERS

DC-DRIVING CASING
MO - MUD DRILLING
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SSl RESOURCE

INCORPORATED

page 2 of 2

SUBSURFACE EXPLORATION
RECORD

£HCH LIMITED T*« TOUri?

•Mf Caitiff

f »»jfig u RET • j™2
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DRILLING •«« SAMPLING INFORMATION TUT DATA
*...« 5/13/85 «. -, 140

SFA ' --- 3
'• ••.

SOIL CLASSIFICATION

SURFACE ELEVATION - (.U.I)

•VERY SZLTY SANDY CLAY, vith
thin ailty leaas

(CL-ML) 1"

CLAYEY S1LTY SAND, fine grained
tan to gray

(SC-HL) -200 - 311
-200 - 48Z I

1
Change to Siltv Clav at 31.0' /

Boring Terminated at 31 ft.
(El. - -20.1)
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•AMPLEH TYPE
W- DHIVIN S^LIT t'OON
rr- H(E»CDSHCV.BV TUBE
CA. CONTINUOUS FLIGHT AUOER
RC - ROCK CORE

GROUND MATCH DEPTH
V AT COMPLETION 5.3
f AFTER HRS.

WATER ON RODS FT.

•OMIN6 METHOD
HSA. HOLLOW ST CM AUCCRS
CFA - CONTINUOUS 'LtQMT AUGCMS

DC - DRIVING CASING
MD - MUD DRILLING
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02o •>W£

Details of Monitor Veil Construction _

•reject Km: FRENCH LIMITED SITE ferine, «u«ter: «I =3-3

Project Kunber: 275-02 Date Installed: _. 2-24-84

Ifater level Measurement: 5.60 en. "'a.? on «-n

Sand Pack

Total Depth • 23.0

Top of Casing El.1

Protective Steel Casing
Croun'd Surface El."

Cement-lentonfte firout
(4-1 Mix)

top of set!

bottom of teal

top of screen

.010 Inch alot
Slotted Hell Screen

bottom of screen

•. 8".» loreholt Diameter

B-274



02^916
»1 RESOURCE

Hf/ENGINEERlHG
INCORPORATED

page 1 of 1

SUBSURFACE EXPLORATION
RECORD

R E C H LIMITED TASK TORCE .„...- REI;3-3
AretHitei t»«ti«M» C.I tin

fVenet fiitmi French Site
27511

DRILLING M SAMPLING INFORMATION • TEST DATA
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SOIL CLASSIFICATION

SURFACE ELEVATION- (1Q.9)

SILTY SAND, fine grained, :tan

(SM)

CLAYEY SILTY SAND, fine grained,
gray

(SC)

SAND, fine to median grained
gray

.

(S?-SW)

-200 • 2.3Z
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Boring Terminated at 23* .
(El.- -12.1)
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SAMPLE M TYPE
SS- OMIVIN SPLIT
IT- MESSED IMEL1VTUM
CA - CONTINUOUS PLIGHT AUGER
P)C- MOCK COME

QMOUNO WATER DEPTH
V AT COMPLETION 5.3 rr.
f APTER HRI. H.

WATER ON RODS FT.

•ORINC METHOD
MSA - HOLLOW STEM AUGERS
CPA - CONTINUOUS FLIGHT AUGERS

DC-DRIVING CASING
MO - MUD DRILLING
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HOUR

11
11
12
13
13
14
14
15
16
17
18
12
12
13
13
14
14
15
16
17
18
15
16
17
18
11
12
13
13
14
14
15
15
16
18
19
10
12
13
13
14
14
15

0
59
29
15
45
16
49
15
16
15
15
0
30
15
50
15
48
16
15
16
16
33
1
0
0

23
31
1
31
0

32
0

29
0
0
0
50
30
0
30
4
30
4

PUMPED WELL: ERT-21

CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV MEAN-DEV MEAN-DEV MEAN-D
REI3-3 REI3-2 REI6-1 ERT-20

REI3-3 5.402 REI3-2 4.924 REI6-1 6.108 ERT-20 6.118

5.38 0.022
5.38 0.022
5.38 0.022
5.38 0.022
5.41 -0.00
5.41 -0.00
5.42 -0.01
5.41 -0.00
5.41 -0.00
5.42 -0.01
5.43 -0.02

4.92 0.004
4.92 0.004
4.92 0.004
4.92 0.004
4.92 0.004
4.92 0.004
4.92 0.004
4.92 0.004
4.93 -0.00
4.95 -0.02

6.08 0.028
6.08 0.028
6.1 0.008
6.13-0.02
6.16 -0.05
6.12 -0.01
6.12 -0.01
6.11 -0.00
6.1 0.008
6.1 0.008
6.09 0.018

6.09 0.028
6.09 0.028
6.12-0.00
6.12 -0.00
6.15 -0.03
6.15 -0.03
6.15 -0.03
6.13 -0.01
6.11 0.008
6.1 0.018
6.09 0.028
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AQUIFER PUMP TEST WELL ERT-21
CONTROL WELL WATER LEVEL FLUCTUATIONS

Ir.wW
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l I I i I I

4-5 0.55 O.65 O.75

TIME
+ REI 3-2 0 REI-6-1 A ERT-20 X REI3-3
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STEP DRAWDOWN TEST - WELL ERT-21

Saturated Thickness 45.12 feet

static water level 4.88 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t1

ain ft ft ft min

0
0.5
1
2
3
4
5
6
7
8
9
10
12
14
16
18
20

25.5
30
35
40
45
50
60
70
80
90
120
150
180
210
240
300
360
420
480

480.5
481
482
483
484
485
486
487
488

4.88
6.8
7.74
9.15
10.02
10.64
11.12
11.51
11.83
12.1
12.4
12.7
13.15
13.5
13.9
14.21
14.5
15.2
15.79
16.2
16.57

17
17.45
18.02
18.44
18.86
19.33
18.31
18.15
18.56
18.82
19.08
19.5
19.8
20.57
20.97
19.58
18.67
16.52
14.46
13.17
11.87
11.03
10.09
9.26

0
1.92
2.86
4.27
5.14
5.76
6.24
6.63
6.95
7.22
7.52
7.82
8.27
8.62
9.02
9.33
9.62
10.32
10.91
11.32
11.69
12.12
12.57
13.14
13.56
13.98
14.45
13.43
13.27
13.68
13.94
14.2
14.62
14.92
15.69
16.09
14.7
13.79
11.64
9.58
8.29
6.99
6.15
5.21
4.38

0.00
1.88
2.77
4.07
4.85
5.39
5.81
6.14
6.41
6.64
6.89
7.14
7.51
7.80
8.12
8.37
8.59
9.14
9.59
9.90
10.18
10.49
10.82
11.23
11.52
11.81
12.14
11.43
11.32
11.61
11.79
11.97
12.25
12.45
12.96
13.22
12.31
11.68
10.14
8.56
7.53
6.45
5.73
4.91
4.17

0.50 961.00
1.00 481.00
2.00 241.00
3.00 161.00
4.00 121.00
5.00 97.00
6.00 81.00
7.00 69.57
8.00 61.00
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TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t1

min ft ft ft min

489
490
492
494
496
498
500
505
510
515
520
525
530
540.
550
560
575
600
630
660
690
720
1200

8.67
8.23
7.64
7.28
7.02
6.86
6.72
6.45
6.25
6.12
5.99
5.91
5.8
5.71
5.57
5.48
5.38
5.28
5.21
5.14
5.11
5.07
4.94

3.79
3.35
2.76
2.4
2.14
1.98
1.84
1.57
1.37
1.24
1.11
1.03
0.92 .
0.83
0.69
0.6
0.5
0.4
0.33
0.26
0.23
0.19
0.06

3.63
3.23
2.68
2.34
2.09
1.94
1.80
1.54
1.35
1.22
1.10
1.02
0.91
0.82
0.68
0.60
0.50
0.40
0.33
0.26
0.23
0.19
0.06

9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
60.00
70.00
80.00
95.00
120.00
150.00
180.00
210.00
240.00
720.00

54.33
49.00
41.00
35.29
31.00
27.67
25.00
20.20
17.00
14.71
13.00
11.67
10.60
9.00
7.86
7.00
6.05
5.00
4.20
3.67
3.29
3.00
1.67
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 11, 1988

PUMPED WELL: ERT-22

OBSERVATION WELLS: none

CONTROL WELLS: ERT-23, ERT-7A and ERT-7

BACKGROUND AND DESCRIPTION OF TEST:

The test of well ERT-22 was not in the original Work Plan for pump testing
the shallow alluvial aquifer zone. This well was included to help address
concerns by EPA and Jacobs Engineering about the nature and extent of a
higher transmissive zone south of the French Limited Lagoon near the ERT-7
and ERT-8 wells.

There were no preliminary pumping testing data upon which to base a pumping
rate for the test. The original Work Plan recommended a pumping rate of
four gpm. Since the well did appear to be in the more productive portion
of the alluvial aquifer similar to wells ERT-21, ERT-7 and ERT-8, personnel
performing the aquifer test decided to attempt to pump the well at a rate
of approximately four gpm.

Heavy rain occurred for about three hours prior to the start up of the test
and was responsible for delaying the start of testing. A canopy cover was
purchased and placed over the pumping well and generator and the test was
started at about 16:40 (4:40 p.m.). Intermittent rain fell during the
pumping period and recovery period. Total storm event rainfall was
estimated at 1.25 inches.

Since the water was pumped through a hose to the French Limited Lagoon some
distance away, the flow measurements using the bucket and stop watch were
taken by personnel monitoring the control wells and were recorded on the
control well monitoring forms. Measurements with a bucket and stop watch
indicated a relatively constant pumping rate of 4.35 gpm. This pumping
rate could not be sustained and was cut back to 2.4 gpm and held at this
rate for 270 minutes. The variable pumping rate was not considered to pose
problems for interpretation since this was a single well test. Also, it
was thought that the variable rate test would help discriminate the
drawdown due to formations loss from that due to well inefficiency. The
pumping rate was increased to 2.88 gpm for the last 90 minutes of the pump
test. Total pumping time for the test was seven hours.

Recovery measurements were taken periodically for eight hours after
termination of pumping. Control wells were monitored for water levels
about every one-half hour during pumping and for 1.5 hours into the
recovery period. A water level measurement of the control wells was also
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taken after eight hours of recovery. Water level measurement data are
attached.

INTERPRETATION:

The control wells ERT-7, ERT-7A and ERT-23 showed no obvious response due
to pumping well ERT-29. The water levels in all three wells rose
throughout the monitoring period for the test including the recovery
period. The total water level rise in the control wells from the start of
the test was from 0.2 to 0.3 feet as shown in the plot of control well
water level fluctuation. These changes were large enough to require
adjustment of the drawdown in the pumped well in order to interpret these
results.

The average fluctuation from the three control wells was used to adjust the
water level measurements in the pumped well.

Drawdown values determined from the water level measurements adjusted for
the precipitation recharge influence in the production well ERT-22 were
adjusted using Jacob's (1963) correction for water table conditions:

s' - s-s2/2Ho

where: s' - adjusted drawdown
s - drawdown and
Ho - initial saturated thickness

Drawdown and adjusted drawdown values are included in the attached
spreadsheet. The water level measurement in the spreadsheet has been
adjusted for precipitation recharge. Following the procedures of Birsoy
and Summers (1980), an adjusted time was calculated for the drawdown data
and a dimensionless time was calculated for the recovery data.

The ratio of adjusted drawdown to the associated pumping rate for the
production well ERT-22 were plotted against the log of adjusted time on the
attached semi-log plot in Figure A2-7. The ratio of the adjusted residual
drawdown (recovery) to the final pumping rate were also plotted against the
log of dimensionless time on the same semi-log plot in Figure A2-7. Well
bore effects had a significant influence on a portion of the response data.
The drawdown response during the latter portion of the drawdown response
was used to estimate the transmissivity from the drawdown data. The
calculated transmissivity was 100 gpd/ft.

A transmissivity was also calculated from the valid portion of the recovery
data from the semi-log plots. The transmissivity determined from the semi-
log recovery analysis using the dimensionless time of Summers and Birsoy
was 714 gpd/ft. This estimate appears to be reasonable in comparison with
the transmissivity from wells having similar specific capacities.

Delayed yield effects were not observed but could have been masked by the
variable pumping rate. A storage coefficient could not be determined from
the single well response data.
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ERT
A RESOURCE ENGINEERING COMPANY

Sheet _L ol _L

BORING LOG AND CONSTRUCTION
OF 6RT-22

Client
Project Name_
Protect Location
Job No 275-23-01
Logged By.
Approved B
Drilled By <i

AttCO Chemical Company
H Halted Sit*

Steve Preston
.Boring No._ISL2L

DRILLING AND SAMPLING INFORMATION
Date Started 12-28-87 Dale Comnl.nd 12-28-87
Method ma Hotary Toiil n.nth 53.i leet

Raaj
Co"t Or nq Cop.it!,.-,, ^^ Jim Turner

Screen Ola.
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ERT
A RESOURCE ENGINEERING COMPANY

Sheet I_ol _L

BORING LOG AND CONSTRUCTION
OF ERT-23

Project Location
Jnb Ma ._. _ _
Loggfi Ry.
Approved By
nrilllld By ... ,

AHCQ Choaleal Cmnanv
rrmnfti Liatttil Sltm
Crosbv . Texaa
275-23-0! Barlna No.
Stive Preston

PSl, Inc. n,ni.,-. M.m.

ERT-23

R. Snenccr

DRILLING AND SAMPLING INFORMATION
Dal* Bierled l|»-Ji-»7. Dmim Camnleled I2.-3P-I"

WELL COMPLETION INFORMATION
Scran Dim. 4-lnch « Lenalh 40.0 feet
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SURFACE ELEVATION
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Dark brown landy clay vlth gravel (CL)
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,19 :.
Sheet lot 1

A RESOURCE ENGINEERING COMPANY

SUBSURFACE EXPLORATION LITHOGRAPHIC LOG OF ERT-7

CUent : French LTD.
Project Nome : French LTD.
Project Location : Crosby. Texas
Job Number : 273-21 Boring No : ERT-7
Logged By : 0. Morgan
Approved By : C. Sprodley '•• ,
Drilled By : Gulf Coast Coring .

DRILLING AND SAMPLING INFORMATION
Date Started : 9/28/87 Dale Completed : 9/28/87
Method : MR Total Depth : 46"

WELL COMPLETION INFORMATION
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Sot Size : .010 Type : PVC
Casing Wo : ** Length : 17.7*
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ERT 823329
A RESOURCE ENGINEERING COMPANY

ShMl_iol _L

BORING LOG AND CONSTRUCTION
OF ERT-7A

Projicl Name
Project Location.
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MCO Chemical
French Lleilced
Croaby. Texae
273-23-01
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PSl. Inc.
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PUMPED WELL: ERT-22

CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV MEAN-DEV MEAN-DE
ERT-23 ERT-7A ERT-7

HOUR MIN ERT-23 7.1533 ERT-7A 5.2702 ERT-7 4.7488

9
9
12
16
16
16
17
17
17
18
18
19
19
20
20
21
21
22
22
23
23
20
13
14
16
16
16
17
17
17
18
18
19
19
20
20
21
21
22
22
23
23
0
1
14
19
16

19
42
1
7
38
58
12
29
53
18
53
23
56
16
58
18
48
18
48
18
52
36
11
6
1
19
57
11
27
47
13
49
14
51
19
54
15
45
15
45
15
59
28
7
11
58
2

7.45
7.45
7.45
7.15
7.18
7.16
7.16
7.15
7.14
7.13
7.12
7.12
7.10
7.10
7.09
7.09
7.09
7.09
7.09
7.09
7.08
7.07
7.07
7.06

-0.30
-0.30
-0.30
0.00
-0.03
-0.01
-0.01
0.00
0.01
0.02
0.03
0.03
0.05
0.05
0.06
0.06
0.06
0.06
0.06
0.06
0.07
0.08
0.08
0.09

•

5.35
5.35
5.32
5.32
5.32
5.32
5.31
5.29
5.28
5.26
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.24
5.23
5.18
5.19

-0.08
-0.08
-0.05
-0.05
-0.05
-0.04
-0.03
-0.01
-0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.04
0.09
0.08

4.90 -0.15
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. MEAN-DEV MEAN-DEV MEAN-DE
ERT-23 ERT-7A ERT-7

HOUR MIN ERT-23 7.1533 ERT-7A 5.2702 ERT-7 4.7488

16 18 4.89 -0.14
16 58 4.84 -0.09
17 10 4.84 -0.09
17 26 4.83 -0.08
17 43 4.82 -0.07
18 14 4.80 -0.05
18 48 4.75 -0.00
19 15 4.77 -0.02
19 50 4.75 -0.00
20 18 4.73 0.02
20 53 4.73 0.02
21 14 4.71 0.04
21 44 4.73 0.02
22 14 4.73 0.02
22 44 4.73 0.02
23 14 4.72 0.03
23 56 4.71 0.04
0 30 4.70 0.05
1 6 4.68 0.07
14 10 4.62 0.13
19 56 4.50 0.25
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STEP DRAWDOWN TEST - WELL ERT-22

Saturated Thickness

static water level

47.02 feet

2.98 feet

TIME-t

man

0.00
0.50
,00
,00
,00
,00
,00
,00
,00

1,
2.
3.
4,
5,
6,
7,
8.00
9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
60.00
70.00
80.00
90.00
120.00
150.00
180.00
210.00
248.00
270.00
300.00
330.00
360.00
390.00
419.00
420.50
420.75
421.22
421.73
422.30
422.92
423.63

ft

2.98
5.63
7.17
9.35

10.91
11.99
12.83
13.49
14.04
14.53
15.00
15.37
16.17
16.87
17.49
18.07
18.66
20.06
21.33
22.77
24.22
25.76
27.77
31.40
18.70
17.78
18.10
18.20
19.20
19.59
20.17
20.50
20.84
20.99
21.47
27.76
29.56
30.09
28.11
27.11
25.11
23.11
21.11
19.11
17.11

iWDOWN ADJUSTED t-Ti ADJUSTED
DRAWDOWN TIME

ft

0
2
4
6
7
9
9
10
11
11
12
12
13
13
14
15
15
17
18
19
21
22
24
28
15
14
15
15
16
16
17
17
17
18
18
24
26
27
25
24
22
20
18
16
14

ft

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

00
65
19
37
93
01
85
51
06
55
02
39
19
89
51
09
68
08
35
79
24
78
79
42
72
80
12
22
22
61
19
52
86
01
49
78
58
11
13
13
13
13
13
13
13

0,
2,
4,
5,
7.
8,
8,
9,
9.
10.
10.
10.
11.
11.
12.
12.
13.
13.
14.
15.
16.
17.
18.
19.
13.
12.
12.
12.
13.
13.
14,
14.
14,
14.
14,
18,
19.
19,
18.
17.
16.
15.
14.
13.
12.

,00
.58
.00
,94
.26
.15
.82
.34
,76
,13
.48
.76
,34
,84
,27
,67
,06
,98
,77
,62
,44
,26
,25
,83
,09
,47
,69
,76
,42
,67
,05
.26
,47
,56
,86
,25
,07
,29
,41
,94
,92
,82
,63
,36
,01

min

10
20
30
60
90
120
150
188
210
240
270
30
60
89
0
0
1
1
2
2
3

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.50

.75

.22

.73

.30

.92

.63

S/Q

min ft/gpm

0.
0.
i.
2.
3.
4.
5.
6.
7.
8.
9.
10.
12.
14.
16.
18.
20.
25.
30.
35.
40.
45.
50.
60.
340.
246.
219.
210.
227.
250.
276.
310.
331.
359.
388.
269.
319.
359.
722.
482.
297.
209.
158.
124.
100.

00
50
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
20
75
74
75
17
23
02
59
16
63
44
19
67
35
57
14
62
39
08
92
55

0
0
0
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
4
4
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
5
5
5
4
4

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

»

•

•

•

•

»

•

•

•

•

•

•

•

•

•

•

00
59
92
37
67
87
03
15
24
33
41
47
61
72
82
91
00
21
40
59
78
97
20
56
46
20
29
32
59
70
85
94
03
07
19
34
62
70
39
23
88
49
08
64
17

RECOVERY t/t'
TIME-t•

min

0.50
0.75
1.22
1.73
2.30
2.92
3.63

841.00
561.00
346.11
243.35
183.61
144.98
116.61
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02,18*4
TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti

DRAWDOWN
min ft ft ft min

ADJUSTED S/Q RECOVERY t/t1

TIME TIME-t'
min ft/gpm min

424
425
426
428
429
431
432
433
439
447
457
472
482
498
522
556
770
908

.45

.40

.55

.08

.90

.28

.38

.90

.57

.93

.99

.93

.22

.25

.55

.20

.00

.00

15.11
13.11
11.11
9.11
7.11
6.11
5.61
5.11
4.11
3.61
3.38
3.19
3.13
3.03
3.04
2.86
2.65
2.61

12.13
10.13
8.13
6.13
4.13
3.13
2.63
2.13
1.13
0.63
0.40
0.21
0.15
0.05
0.06
-0.12
-0.33
-0.37

10
9
7
5
3
3
2
2
1
0
0
0
0
0
0
-0
-0
-0

.56

.04

.43

.73

.95

.03

.56

.08

.12

.63

.40

.21

.14

.05

.06

.12

.34

.37

4
5
6
8
9
11
12
13
19
27
37
52
62
78
102
136
350
488

.45

.40

.55

.08

.90

.28

.38

.90

.57

.93

.99

.93

.22

.25

.55

.20

.00

.00

82.32
68.06
56.33
45.89
37.70
33.23
30.39
27.21
19.68
14.15
10.72
8.02
7.00
5.80
4.69
3.80
2.12
1.81

3.67
3.14
2.58
1.99
1.37
1.05
0.89
0.72
0.39
0.22
0.14
0.07
0.05
0.02
0.02
-0.04
-0.12
-0.13

4.45
5.40
6.55
8.08
9.90
11.28
12.38
13.90
19.57
27.93
37.99
52.93
62.22
78.25
102.55
136.20
350.00
488.00

95.38
78.78
65.12
52.96
43.42
38.22
34.92
31.22
22.46
16.04
12.05
8.93
7.75
6.37
5.10
4.08
2.20
1.86
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 12, 1988

PUMPED WELL: ERT-29

TOTAL DEPTH: 50 FEET

SCREENED INTERVAL: 20 FT. TO 50 FT. CASING DIAMETER: 4 IN.

OBSERVATION WELLS: ERT-28 and ERT-30

CONTROL WELLS: ERT-23

BACKGROUND AND DESCRIPTION OF TEST:

The test of ERT-28 was included to provide information about aquifer
characteristics between the French Limited Lagoon and the Riverdale
Subdivision. The preliminary pumping test program indicated that the well
had been pumped at 11 gpm for almost 20 minutes. Based on these results,
personnel performing the test attempted to pump the well at four gpm on
August 11. The water level was drawn down to the pump intake after just
6.5 minutes and the test was terminated. Measurements had not yet been
taken with a bucket and stop watch, so it is possible that the actual
pumping rate may have been greater than four gpm. Also in subsequent
discussions with Norm Nielsen of Applied Hydrology Associates, it was
discovered that during the preliminary pump test which was conducted during
well purging prior to sampling, the well was pumped without a valve control
and the 11 gpm rate was based on one bucket and stop watch measurement.
Thus, the flow rate estimates for the preliminary pump test may be in
error.

The test was re-run on August 12, with the flow rate set to and maintained
at about 0.75 gpm. Subsequent measurements with a bucket and stop watch
indicated a pumping rate of 0.66 gpm. At these low pumping rates, it was
concluded that observation wells ERT-28 and ERT-30 located over 150 feet
from the pumped well would not experience any drawdown due to pumping
during an eight-hour test. Nevertheless, these two wells and control well
ERT-23 were monitored for water levels about every one-half hour.

After one hour of pumping at 0.66 gpm the drawdown was less than four feet
and had appeared to level out. The personnel performing the test decided
to increase the pumping rate to about 1.1 gpm since the variable rate test
would help discriminate the drawdown due to formations loss from that due
to well inefficiency. At 106.3 minutes into the test, the pump stopped for
two minutes and the generator was re-fueled. Even though the valves were
not adjusted, the pumping rate after re-fueling dropped to about 0.78 gpm.
The flow was maintained at this rate for about 102 minutes. Then at 210
minutes into the test, the rate was stepped up to about 1.89 gpm. After
pumping at this rate for about 10 minutes, the rate started to drop but was

B-295



not adjusted immediately because the Rotometer measured rates only up to
one gpm. The pumping rate from averaged about 1.53 gpm for the next 30
minutes. The pump rate was increased to about 4.2 gpm for the last ten
minutes and recovery measurements were taken for about two hours following
the test. Water levels in the pumping well had recovered to within 0.11
feet of the original static water level. Field measurements are attached.

Water produced from the test was pumped into 55-gallon drums during the
test. The contents of the 55-gallon drums were emptied into the French
Limited Lagoon following completion of the test.

INTERPRETATION:

The control wells ERT-30, ERT-28 and ERT-23 showed no obvious response due
to pumping well ERT-29. The water levels in all three wells rose near the
latter portion of the pumping period but started dropping shortly before
the pump was shut off. The decline continued into the recovery period.
The total water level fluctuation in the control wells was less than 0.05
feet, as shown in Figure 1. These changes were small and appeared to
follow a diurnal pattern similar to that observed for the control wells
during the ERT-10 well test.

Drawdown values determined from water level measurements in the production
well ERT-29 were adjusted using Jacob's (1963) correction for water table
conditions. Jacob's correction is:

s' - s-s2/2Ho

where: a' - adjusted drawdown
s - drawdown and
Ho - initial saturated thickness

Drawdown and adjusted drawdown values are included in the attached data
sheet. Following the procedures of Birsoy and Summers (1980), an adjusted
time was calculated for the drawdown data and a dimensionless time was
calculated for the recovery data.

The ratio of adjusted drawdown to the associated pumping rate for the
production well ERT-29 was plotted against the log of adjusted time on the
attached semi-log plot in Figure A-8. The ratio of the adjusted residual
drawdown (recovery) to the final pumping rate was also plotted against the
log of dimensionless time on the same semi-log plot in Figure A-8. Well
bore effects had a significant Influence on a large portion of the response
data. The drawdown response during the latter portion of the test was too
erratic to allow for an estimation of the transmissivity from the drawdown
data. The reason for the erratic response is not entirely clear. It
appears to be the result of fluctuations in the pumping rate, although the
bucket-and-stop-watch measurements did not indicate a significant change in
the pumping'rate.

A transmissivity was calculated from the valid portion of the recovery data
from the semi-log plots. Unfortunately there were only three data points
in the recovery plots that were determined to be outside the range of well
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0239

bore storage effects. The transmissivity determined from the semi-log
recovery analysis using the dimensionless time of Summers and Blrsoy was
1467 gpd/ft. This estimate appears to have considerable error since it
does not correspond with the low specific capacity of the well. The large
error is probably because it was derived from three data points near the
final stages of recovery. Measurement errors and water level response to
Influences other than pumping would be relatively significant in the latter
stages of recovery where the residual drawdown is less than 0.1 feet. A
transmissivity of 1221 gpd/ft was also calculated from the valid portion of
the recovery data using the Theis (1935) recovery method in Figure A2-9.
This estimate may also have considerable error for the same reasons
described previously.

Delayed yield effects were not observed but could have been masked by the
variable pumping rate. A storage coefficient could not be determined from
the single well response data.

The transmissivity estimate from the recovery analyses seems to be high in
comparison with the results from the more productive wells such as ERT-22,
ERT-21 and ERT-7. If an accurate estimate of transmissivity is needed in
the region around the well ERT-29, then a new test should be performed.
The pump test should be run long enough to produce a response in wells ERT-
28 and ERT-30 or an observation well should be installed closer to the
pumped well.
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Bt.ĵ fil LaellhMl ,£fifl3Btl.7<
j«h MB •i7j.-r_-4j'»?-c<'i
Ingp.d Ry £j|-'**tl

n.iiinri ny •"-lft>-v»{it»». L.V

.?••*•

.Boring No.

UL_ DrHltr'i N«nw.

KAT-24

LCf UlCltl.

ORILLINO AND SAMPLING INFORMATION
Dal* Slirtfd t-llf-Vt , . Dala GomolllBd 1-21-T*
U«lhad , &JJL RrtnCu Tout O«nili iT f «.

WELL COMPLETION INFORMATION
Scimmn Dim. 4 U Linolh Sa /*
Slot Sl«« . o,o\C |« . TVB« p»/e
CacliiB ni. . «4.!«. . ,_ L«naih *»-|». X f / .

§|

;

—

5 "

^

5

I

;

5

;" -

33 _

^

;

g J
;

DESCRIPTION

SURFACE ELEVATION

Uiqirir t'«b>^ >a~>J n«X */•«««! £;ll /1. 00

e^-^ksr-jc.^ -*U^ p.̂ ,S CCVO.

' T« ̂  /

•n«.<4 jVjL «'»n jilfu f;^«, 3 *..-«' ̂ ^M)

"^'^ »utn y,3~fcv*s^W" ' "* U'"*I"-»*{ I1"*** *•"

c î
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ERT 023943:

A RESOURCE ENGINEERING COMPANY

Shait i_ol _L

BORING LOG AND CONSTRUCTION
OF ERT-23

Client
ProleCI Nama__
Piojoct Loeilion .
Jab No. _ _,

Approved By
HrillnH ny

ARCO Chmleal Conanv DRILLING AND SAMPLING INFORMATION
rr.firh LiBitnl »itm Dal* Hlartad 12-2ft-*7
Croabv . Texaa
275-23-01
Slav* Preaton

I'SI. Inc.

Banna No. ERT-23

ri.iii.r-> M.m. R. Spencer

Method I

Screen Die. .
Slot Six*
Casing Oil. .

M-jd Rocarv
Dal* Camolalad l2-;K-*7
Talal Daalh ftn.n r.>r

WELL COMPLETION INFORMATION
*-inch • Lcnolh 40.0 fa>t
0.010-lnrh
4- Inch 9

Tvo* PVC
L.nglh 15.0 feet

t Si"-oz
— 0 _

15 —

—

25 -~

;

;
50 _

•

™

DESCRIPTION

SURFACE ELEVATION

Dark brown clay, (ravel and glaaa piecee with traah material.
(Fill materiel)

(8.0')

Dark brown candy clay witli gravel (CL)
(10. 0')

Hedlun dtnaa light gray fine to medium aand with occaaeional
gravel (SP)

i

«•> O'l
Stiff brown clay with occaaalonal gravel (Cll)

- Olive gray and brown from 29.0'

(33.01)

Stiff gray Hnd red eilty clay (CD
(3*.S')

Unlit gray ailty fine aand to fin* rand (SH-sr)

.

A*" «W.O'

t

- Red elav pockete and parting* from 55.0'

(57. 0')
Very (tiff red and gray clay with eilt pockete (Cll)

(60. 0')
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02.* 9*1*

PUMPED WELL: ERT-29

CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV MEAN-DEV MEAN-DEV
ERT-30 ERT-30 ERT-30

HOUR min ERT-30 14.42 ERT-28 13.82 ERT-23 7.039

8 55 14.43 -0.01
9 59 14.44 -0.02

11 9 14.43 -0.01
11 30 14.43 -0.01
12 9 14.43 -0.01
12 29 14.43 -0.01
12 59 14.43 -0.01
13 30 14.43 -0.01
13 55 14.42 0.00
14 37 14.41 0.01
15 7 14.39 0.03
15 53 14.39 0.03
16 30 14.40 0.02
17 2 14.43 -0.01
17 41 14.43 -0.01
18 3 14.43 -0.01
8 59 13.83 -0.00
9 55 13.82 0.01

11 5 13.82 0.01
11 34 13.82 0.01
12 5 13.82 0.01
12 31 13.82 0.01
13 2 13.82 0.01
13 27 13.82 0.01
13 58 13.82 0.01
14 34 13.84 -0.01
15 0 13.82 0.01
15 46 13.82 0.01
16 27 13.83 -0.00
17 0 13.85 -0.02
17 37 13.85 -0.02
18 6 13.86 -0.03

9 6 . 7.05 -0.01
11 2 7.05 -0.01
11 39 7.06 -0.02
12 1 7.06 -0.02
12 35 7.05 -0.01
13 5 7.05-0.01
13 25 7.05 -0.01
14 1 7.04 -0.00
14 30 7.04 -0.00
15 3 7.03 0.01
15 43 7.02 0.02
16 24 ' 7.02 0.02
16 57 7.03 0.01
17 34 7.02 0.02
18 10 7.03 0.01

•
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Aquifer Pump Test - Well ERT-29
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STEP DRAWDOWN TEST - WELL ERT-29

Saturated Thickness 43.34 feet

static water level 11.66 feet

TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti Adjusted s/Q
DRAWDOWN time

min ft ft ft min min

RECOVERY t/t1

TIME-t'
min

0
0.5
1
2
3
4
5
6
7
8
9
10
12
14
16
18
20
25
30
35
40
45
50
55
60
70
80
90
100

108.3
109.3
110
115
120
125
130
135
140
150
160
170
180
190
200
210

11.66
12.37
12.58
12.84
13.3
13.66
13.95
14.21
14.4
14.65
14.81
14.91
15.26
15.28
15.27
15.32
15.39
15.63
15.87
15.65
15.72
15.64
15.63
15.73
15.62
18.05
18.36
18.75
19.23
16.72
16.9
17.08
17.05
16.72
16.58
16.65
16.63
16.77
16.7
16.65
16.63
16.7
16.65
16.64
16.63

0
0.71
0.92
1.18
1.64

2
2.29
2.55
2.74
2.99
3.15
3.25
3.6
3.62
3.61
3.66
3.73
3.97
4.21
3.99
4.06
3.98
3.97
4.07
3.96
6.39
617
7.09
7.57
5.06
5.24
5.42
5.39
5.06
4.92
4.99
4.97
5.11
5.04
4.99
4.97
5.04
4.99
4.98
4.97

0.00
0.70
0.91
1.16
1.61
1.95
2.23
2.47
2.65
2.89
3.04
3.13

. 3.45
3.47
3.46

• 3.51
3.57
3.79
4.01
3.81
3.87
3.80
3.79
3.88
3.78
5.92
6.18
6.51
6.91
4.76
4.92
5.08
5.05
4.76
4.64
4.70
4.69
4.81
4.75
4.70
4.69
4.75
4.70
4.69
4.69

10
20
30
40

2.017
1.017
1.7
6.7
11.7
16.7
21.7
26.7
31.7
41.7
51.7
61.7
71.7
81.7
91.7
101.7

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
32.31
46.12
58.17
69.49
38.97
95.06
121.30
159.86
161.72
162.16
163.31
165.20
167.69
173.93
181.26
189.27
197.74
206.52
215.52
224.70

0.00
1.07
1.38
1.76
2.44
2.96
3.38
3.75
4.02
4.37
4.60
4.74
5.23
5.26
5.24
5.31
5.41
5.74
6.07
5.77
5.86
5.75
5.74
5.88
5.73
5.41
5.65
5.95
6.31
4.35
6.23
6.43
6.40
6.03
5.87
5.95
5.93
6.09
6.01
5.95
5.93
6.01
5.95
5.94
5.93
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APPENDIX C

DEPTH-TO-WATER DATA

FOR THE

UPPER ALLUVIAL ZONE



FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

WELL

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-30
GW-2
GW-7
GW-8
6W-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

FEET
EAST

2606.23
2617.03
2516.53
2580.99
2618.41
2629.34
2527.23
2573.82
2942.93
2954.04
2944.61
2954.14
2715.13
2725.60
2714.20
2725.38
3684.68
3256.66
2946.66
2281.45
2185.07
1989.08
1761.93
2168.47
2176.74
2186.96
2179.55
2164.02
2165.82
3644.19
2554.75
2717.21
1925.14
1676.48
2170.99
2202.46
2451.99
3184.64
3181.57
3175.99
2303.81
3379.31
3446.24
2190.76
2325.40
2671.78
2612.74
2685.62
1304.45

FEET TOG GROUND
NORTH ELEVATION ELEVATION

3205.78
3204.05
3262.65
3339.00
3215.64
3215.67
3267.92
3331.14
3193.30
3194.47
3202.24
3202.15
3208.70
3208.06
3217.69
3215.92
3055.45
3001.74
3029.98
3044.91
3160.71
3198.34
3165.02
2974.24
2608.16
2431.25
2259.85
2761.12
2791.17
3206.82
3214.54
3831.36
3180.19
2664.82
2137.55
1369.31
1597.14
2564.74
2569.67
2567.65
2577.65
3184.23
3186.34
1909.74
1423.98
3131.31
3186.59
3183.27
3791.26

15.18
14.57
15.52
16.33
15.03
14.51
15.81
15.70
13.33
13.86
13.41
14.00
14.39
14.25
14.58
14.20
13.79
13.09
11.24
15.87
13.01
15.42
13.27
16.13
19.82
19.37
17.35
18.35
18.36
12.91
15.00
12.95
17.03
16.25
16.04
11.65
23.48
12.68
12.46
13.11
22.39
13.94
14.58
15.52
18.79
14.24
13.91
14.18
12.25

15.2
14.9
15.9
16.6
15.3
14.9
16.1
16.0
13.9
14.2
14.1
14.1
14.8
14.7
14.8
14.7
11.2
10.4
9.6
12.5
10.0
13.0
11.2
14.3
17.8
17.7
15.8
16.4
16.4
13.5
15.1
10.9
15.3
15.3
13.7
9.9
21.5
10.2
10.3
10.3
19.1
12.2
13.2
12.5
15.5
12.9
14.2
14.2
10.3

TOTAL
DEPTH

50.00
20.00
50.00
48.00
47.00
20.50
50.00
50.00
45.70
20.00
49.10
20.00
52.00
20.00
50.00
20.00
42.00
42.00
48.00
55.00
45.00
48.00
48.00
48.00
63.00
58.00
53.00
58.00
24.00

24.00
23.00
23.50
23.50
18.00
8.00
51.00
33.00
22.50
16.90
50.00
25.00
23.00
22.00
48.00
48.00
48.00
50.50

C-2



FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 20-Apr-83 29-Apr-83 04-May-83 12-May-83 20-May-83

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT-23
ERT-24
ERT-25
ERT-26
ERT-27
ERT-28
ERT-29
ERT-30
GW-2 15.96 16.08 16.48 16.07 15.72
GW-7 7.16 7.53 7.53 7.48 7.31
GW-8 3.13 2.70
GW-9 5.53 5.09
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

C-3
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL Ol-Jun-83 08-Jun-83 15-Jun-83 22-Jun-83 30-Nov-83

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT-23
ERT-24
ERT-25
ERT-26
ERT-27
ERT-28
ERT-29
ERT-30
GW-2 14.57 15.11 15.93 15.70 15.57
GW-7 5.13 5.48 5.90 5.92 7.61
GW-8 0.70 1.88 3.71 1.93 3.24
GW-9 3.92 4.48 6.12 4.76 5.23
6W-13 4.06
GW-17 7.60
GW-18 3.42
GW-19 5.97
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REX-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 05-Dec-83 07-Dec-83 19-D6C-83 17-Feb-84 24-Feb-84

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-23
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-30
GW-2
GW-7
GW-8
GW-9
6W-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

15.32 15.40 15.21 14.87 14.90
6.77 7.47 7.32 6.99 7.05
2.76 2.72 1.87 2.09
4.79 5.12 4.95 4.85 4.92
3.33 3.33 3.12 2.65
7.29 7.36 7.35 7.11 7.19
2.79 3.00 2.83 2.24 2.41
5.62 5.74 5.09 4.87 4.91
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL Ol-Mar-84 16-Mar-84 12-Apr-84 17-May-84 Ol-Nov-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
GW-2 14.91 14.88 15.58 16.32
GW-7 7.06 7.24 7.83 8.33
GW-8 2.09 2.27 1.34 3.82
GW-9 4.85 4.97 5.67
GW-13 2.55 3.19 4.00
GW-17 7.22 7.26 7.86
GW-18 2.44 1.29 4.13
GW-19 4.99 5.13 5.96 6.68
GW-2 3 4.65
REI-1
REI-3-1 6.23
REI-3-2 5.13
REI-3-3 5.58
REI-5
REI-6-1 5.46
REI-6-2 4.75
REI-8
REI-9
RE1-10-2
REI-10-3
REI-10-4
REI-12-2

5.01

5.52
6.64
5.95

6.71
6.54
4.57

4.48

5.16

4.72
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 03-NOV-87 04-NOV-87 OS-Nov-87 06-NOV-87 08-NOV-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

5.80 4.90 4.98 5.00 4.85

5.38 5.19 5.49 5.52 5.40
6.40 6.42 6.54 6.53 6.42
4.82 5.84 5.88 5.94 6.75

6.53 6.57 6.67 6.70 6.58
6.38 6.40 6.50 6.53 6.42
4.28 4.45 4.40 4.46 4.33

4.35 4.43 4.54 4.60 4.44

4.98 4.03 5.41 5.16 5.01

4.70 4.60 4.66 4.72 4.58

C-7



FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 16-NOV-87 17-Nov-87 lB-Nov-87 20-NOV-87 25-Nov-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
RE1-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.82 4.74 4.86 4.46
5.34 4.96

5.46 5.36 5.45 5.09
6.44 6.37 6.08
5.79 5.71 5.85 5.40 5.40

5.20 4.93
6.59 6.55 6.57 6.23
6.42 6.39 6.44 6.44 6.09
4.10 3.99 4.04 3.66

4.89 4.13
4.23 4.13 4.10 3.81

4.88 4.33
4.96

14.22
5.46 5.10
4.96 4.58

4.86 4.92 4.54

4.44 4.68 4.12

C-8



02.W5?'

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 26-NOV-87 27-NOV-87 28-NOV-87 29-NOV-87 30-NOV-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.45

5.07
6.05
5.40

6.20
6.05
3.65

4.30

14.20

4.60

4.50

4.11

4.45
4.97
5.06
6.04
5.35
4.86
6.23
6.06
4.70
4.14
3.81
4.35
4.92

10.38
5.11
4.56

4.45

4.06

4.40
4.90
5.00
6.01
5.40
5.83
6.18
6.00
3.65
4.11
3.75
4.30
4.84
8.74
5.00
4.54

4.40

4.03

4.44
4.94
5.02
6.04

4.88
6.22
6.04
3.71
4.15
3.81
4.37
4.88
8.04
5.04
4.56

4.46

4.10

4.42
4.94
5.03
6.04
5.40
4.84
6.21
6.04
3.73
4.16
3.82
4.38
4.86
7.36
5.08
4.58

4.45

4.06

C-9



023958

WELL

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
03-Dec-87 07-Dec-87 08-Dec-87 09-Dec-87 ll-Dec-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.47
5.05
5.05
6.10
5.45
4.88
6.25
6.05
3.72
4.21
3.88
4.43
5.30
6.08
5.14
4.63

4.50

4.14

4.30
4.79
4.90
5.86
5.26
4.75
6.04
5.88
3.60
4.04
3.71
4.24
4.76

12.40
4.90
4.40

4.38

4.00

4.28
4.78
4.96
5.84
5.28
4.77
6.02
5.88
3.62
4.06
3.72
4.26
4.74

11.24
4.90
4.48

4.38

4.00

4.84
4.88
5.10
5.98
5.60
4.86
6.16
5.98
3.75
4.16
3.85
4.38
4.86

10.20
4.99
4.54

4.50

4.09

4.24
4.73
4.80
5.82
5.20
4.69
5.97
5.83
3.58
4.02
3.68
4.22
4.63
8.96
4.84
4.40

4.76

3.90

C-10



FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 16-Dec-87 20-D6C-87 21-Dec-87 23-Dec-87 26-Dec-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-25
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
6W-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.52
5.13
5.05
6.02
5.52
4.95
6.25
6.00
3.70
4.10
3.80
4.33
4.85
6.08
5.03
4.56

4.38

4.07

4.44
4.92
5.04
6.04
5.42
4.78
6.24
6.03
3.71
4.12
3.82
4.40
4.88

12.04
5.05
4.58

4.56

4.16

4.18
4.74
4.86
5.80
5.20
4.10
6.04
5.90
3.34
3.80
3.48
3.80
4.68

10.50
4.88
4.36

4.10

4.08
4.60
4.66
5.68
5.06
4.56
5.82
5.64
3.44
3.90
3.56
4.10
4.50
8.40
4.70
4.26

4.08

3.78

4.24
4.74
4.86
5.86
5.22
4.82
6.02
5.86
3.60
4.00
3.70
4.19
4.80
6.60
4.85
4.40

4.24

3.86

C-ll



FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 27-D6C-87 28-Dec-87 29-D6C-87 30-D8C-87 31-Dec-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-1 OA
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-29
ERT-3 0
6W-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.26 4.22
4.84 4.74
5.00 4.88
6.02 5.88
5.29 5.20
4.70 4.64
6.12 6.04
5.92 5.86

3.60
3.96
3.68
4.14

4.70 4.76
6.18 5.78
4.90 4.90

4.40

4.22

3.92

4.32
4.82
4.92
5.96
5.30
4.72
6.14
5.96
3.66
4.04
3.80
4.22
4.80
5.64
4.96
4.48

4.32

4.02

4.07
4.64
4.72
5.74
4.10
4.59
5.89
5.73
3.47
3.89
3.53
4.08
5.54
5.34
4.79
4.28

4.10

3.79

4.04
4.56
4.67
5.69
5.02
4.54
5.84
5.68
3.47
3.91
3.63
4.07
4.43
5.11
4.66
4.25

4.04

3.69

C-12



WELL

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
Ol-Jan-88 02-Jan-88 03-Jan-88 04-Jan-88 17-Jan-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-27
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.20
4.70
4.80
5.84
5.17
4.66
6.00
5.85
3.57
3.95
3.68
4.14
4.62
4.94
4.82
4.36

4.90

3.87

4.22
4.81
4.78
5.86
5.25
4.66
6.00
5.92
3.60
3.93
3.68
.20
.75
.99
.90
.40

'

4.90

3.92

4.08
5.59
4.69
5.72
5.04
4.57
5.89
5.73
3.50
3.90
3.58
4.09
4.53
4.74
4.68
4.19

4.06

3.76

4.25
4.75
4.89
5.93
5.23
4.73
6.07
5.93
3.68
4.04
3.73
4.21
4.68
4.70
4.80
4.36

4.23

3.88

4.74
5.72

5.92
5.78
3.50
3.90
3.59
4.01
4.48
4.51
4.68
4.24

4.07

C-13



WELL

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
18-Jan-88 19-Jan-88 20-Jan-88 21-Jan-88 22-Jan-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.08
4.48
4.64
5.40
5.06
4.50
5.84
5.38
3.38
3.78
3.50
3.93
4.41
4.41
4.58
4.18

4.01

4.11
4.40
4.68
6.08
5.04
5.52
5.84
5.73
3.39
3.98
3.48
3.82
4.32
4.40
4.54
4.19

3.97

4.40
4.66
5.04
5.73
5.38
4.84
6.26
6.10
4.74
4.03
3.86
.17
.79
.90
.54
.48

4.40

4.39
4.77
5.02
6.06
5.34
4.85
6.20
6.05
6.70
4.02
3.84
4.17
4.88
9.55
4.92
4.40

4.31

4.37
4.82
5.00
6.05
5.32
4.79
6.22
6.06
3.69
4.09
3.81
4.26
4.75
5.33
4.90
4.34

4.48

4.22

C-14



023963

WELL

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
23-Jan-88 24-Jan-88 03-Feb-88 04-Feb-88 09-Feb-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-29
ERT-3 0
6W-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.30
4.63
4.76
5.82
5.17
4.60
5.96
5.82
3.50
3.92
3.62
4.08
4.53
4.79
4.68
4.28

4.40

4.10

4.30
4.63 4.80

5.17
4.60 4.78

3.50 3.67
3.92 4.14
3.62

.08 4.42

.53 4.73

.79 4.68

.68 4.86

.28 4.40

4.40

4.10

4.50 4.26
4.76
5.09 4.92
6.14 6.01
5.43 5.24

4.71
6.46 6.11
6.18 5.96

3.56
4.01

3.84 3.68
4.19
4.62
4.55
4.75
4.36

4.69 4.92
3.36

3.02

C-15



FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL ll-Feb-88 12-Feb-88 13-Feb-88 14-Feb-88 15-Feb-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-22
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
RBI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.36
4.82
4.98
6.04
5.30
4.80
6.22
6.06
3.68
4.04
3.80
4.22
4.74
4.60
4.87
4.36

4.42

3.82

4.37
4.89
5.02
6.10
5.35
4.84
6.23
6.10
3.70
4.10
3.84
4.25
4.74
4.70
4.90
4.46

4.40

4.00

4.35
4.66
5.00
6.12
5.31
4.81
6.20
6.10
3.70
4.09
3.83
4.24
4.73
4.76
4.90
4.46

4.38

4.00

4.34
4.68
4.96
6.08
5.35
4.77
6.10
6.04
3.66
4.09
3.84
4.22
4.71
4.72
4.82
4.48

3.89

4.70

4.36
4.84
5.00
6.06
5.32
4.80
6.21
6.02
3.66
4.00
3.78
4.18
4.72
4.72
4.90
4.42

4.40

3.96

C-16



023965

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 18-Feb-88 03-Mar-88 16-Mar-88 29-Mar-88 02-Apr-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-27
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.30
4.84
4.96
6.04
5.34
4.78
6.22
6.00
3.62
4.00
3.74
4.21
4.63
4.64
4.81
4.40

4.32

3.57

4.36
4.70
4.82
6.05
5.30
4.62
6.26
6.06
3.41
3.76
4.00
4.30
4.52
4.46
4.68
4.50
3.64
3.50
1.70
6.10
3.04

4.76

4.32

4.28
4.78

5.24
4.68

3.72
4.04
3.67
4.24
4.73
4.73
4.89
4.48

4.72
4.12
4.41

3.94
4.39
4.90
5.58
5.04
4.56
6.10
5.60
3.62
4.00
3.32
4.20
4.55
4.52
4.22
4.28
3.58
6.56
1.66
5.88
3.42

4.76
3.90
3.94

4.05
4.52
4.87
5.78
4.97
4.50
5.96
5.79
3.48
3.87
3.53
4.05
4.38
4.29
4.61
4.10

5.35
3.05
4.50
13.05
8.97
12.44

3.36
3.80
4.03

C-17



0239'

WELL

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
ll-Apr-88 13-Apr-88 25-Apr-88 07-May-88 14-May-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-28
ERT-2 9
ERT-30
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.30
4.75
4.98
5.90
5.28
4.72
6.01
5.98
3.68
4.00
3.72

.20

.68

.49

.84

.38
3.75
3.53
1.69
5.89
3.22
5.57
3.15
4.75

12.36
8.91

12.64
13.82

7.20
4.70

15.00
3.58
7.26
3.85
5.90
4.80
6.01
3.36
3.94
3.94

11.76
4.12
4.71
5.92

11.61
4.68
3.95
4.24
4.09

4.32
4.81

5.32
4.75

3.66
4.03
3.78
4.22
4.63
4.62
5.17
4.40

4.74
4.18
4.26

4.53
5.02
5.15
6.24
5.51
4.96
6.36
6.20
3.89
4.29
3.99

.46

.87

.72

.07

.60

.45
3.92
1.94
6.16
3.49
5.84
3.73
5.37

11.27
9.35

13.26

4.96
4.33
4.50

5.61
4.98
5.92
6.77
5.43
4.91
6.25
6.09
3.82
4.27
3.91
4.44
4.81
4.48
5.01
4.57

4.88
5.94
4.83

5.75
5.00
5.98
6.75
5.50
4.98
6.25
6.20
3.85
4.31
3.90
4.58
4.83
4.43
5.00
4.67

4.85
5.98
4.91

C-18



02̂ 67

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 24-May-88 28-May-88 07-Jun-88 20-Jun-88 24-Jun-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
RBI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

5.92
5.32
6.28
7.08
5.78
5.20
6.58
6.40
4.18
4.62
4.26
4.76
5.14
4.84
4.95
4.82
5.10
4.32
2.26
6.52
3.80
6.44
4.45
5.88

11.89
10.40
13.70

4.66

4.82
12.84

4.80
4.74
4.18

6.09
5.47
6.43
7.22
5.95
5.40
6.75
6.60
4.38
4.82
4.50
4.97
5.32
5.00
5.50
5.05

.

5.46

5.40
5.00
5.43

6.10
5.50
6.45
7.23
5.95
5.43
6.76
6.60
4.28
4.74
4.34
4.79
5.32
4.99
5.51
5.00

12.55

5.42
4.97
5.41

6.50
7.78
5.36
5.62
6.20
6.90
4.72
5.20
4.90
5.32
5.78
5.46
5.90
5.00
5.73
5.89
2.87
7.04
4.28
6.90
4.67
6.16

10.90
14.37

4.97

13.52

5.82
5.30
5.84

6.50
6.00
6.80
7.50
6.30
5.76
7.08
6.90
4.77
5.28
4.92
5.42
5.72
5.34
5.90
5.50

5.80
5.32
5.82

C-19



021*68'

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 29-JUH-88 08-Jul-88 18-Jul-88 06-Sep-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
6W-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

6.59
6.35
6.90
7.64
5.33
5.85
7.18
7.00
4.89
5.38
5.00
5.50
5.84
5.50
6.00
5.58

5.90
5.43
5.93

6.77
6.30
7.10
7.83
6.63
5.98
7.38
7.20
5.10
5.63
5.21
5.74
6.02
5.70
6.20
5.76

5.90
5.63
5.94

7.10
6.32
7.32
8.01
6.88
6.34
7.60
7.40
5.30
5.85
5.41
6.86
6.28
5.90
6.45
6.06
6.52
5.68
3.45
7.72
4.61
7.13
5.23
9.91

13.50
11.90
15.01

12.65

9.19
12.65

5.90
6.18

6.10
6.15
6.41
7.18
5.95

6.70
6.57
4.22
4.80
4.31
4.95
5.35
5.08
5.56
5.19
5.29
4.20
3.20
6.87
3.98
6.41
4.50
6.67

13.95
11.68
14.63

14.03

14.03

4.98
5.24

C-20



FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 17-Oct-88 16-Nov-BB 29-NOV-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-27
ERT-2 8
ERT-2 9
ERT-3 0
6W-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

6.77

7.90

5.10

6.15

6.30
4.94
2.84
7.55
4.73
6.90
5.25
7.28

14.50
12.21
15.05

5.64
6.03

7.15
7.60
8.34
3.03
6.75
7.85-
7.73
5.20
5.80
5.35
5.94
6.35
6.08
6.55
6.17
6.44
5.12
3.09
7.95
5.12
7.36
5.58
7.57

15.86
12.59
15.44

6.39
7.56
6.27

C-21



BOOKMARK



3£??$:!---v-^i. ••••!

/• " """ •*•_ „" V - '



02

APPENDIX D

WATER LEVEL ELEVATIONS

FOR THE

UPPER ALLUVIAL ZONE



023971

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WELL

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-27
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
6W-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

FEET
EAST

2606.23
2617.03
2516.53
2580.99
2618.41
2629.34
2527.23
2573.82
2942.93
2954.04
2944.61
2954.14
2715.13
2725.60
2714.20
2725.38
3684.68
3256.66
2946.66
2281.45
2185.07
1989.08
1761.93
2168.47
2176.74
2186.96
2179.55
2164.02
2165.82
3644.19
2554.75
2717.21
1925.14
1676.48
2170.99
2202.46
2451.99
3184.64
3181.57
3175.99
2303.81
3379.31
3446.24
2190.76
2325.40
2671.78
2612.74
2685.62
1304.45

FEET TOG GROUND
NORTH ELEVATION ELEVATION

3205.78
3204.05
3262.65
3339.00
3215.64
3215.67
3267.92
3331.14
3193.30
3194.47
3202.24
3202.15
3208.70
3208.06
3217.69
3215.92
3055.45
3001.74
3029.98
3044.91
3160.71
3198.34
3165.02
2974.24
2608.16
2431.25
2259.85
2761.12
2791.17
3206.82
3214.54
3831.36
3180.19
2664.82
2137.55
1369.31
1597.14
2564.74
2569.67
2567.65
2577.65
3184.23
3186.34
1909.74
1423.98
3131.31
3186.59
3183.27
3791.26

15.18
14.57
15.52
16.33
15.03
14.51
15.81
15.70
13.33
13.86
13.41
14.00
14.39
14.25
14.58
14.20
13.79
13.09
11.24
15.87
13.01
15.42
13.27
16.13
19.82
19.37
17.35
18.35
18.36
12.91
15.00
12.95
17.03
16.25
16.04
11.65
23.48
12.68
12.46
13.11
22.39
13.94
14.58
15.52
18.79
14.24
13.91
14.18
12.25

15.2
14.9
15.9
16.6
15.3
14.9
16.1
16.0
13.9
14.2
14.1
14.1
14.8
14.7
14.8
14.7
11.2
10.4
9.6
12.5
10.0
13.0
11.2
14.3
17.8
17.7
15.8
16.4
16.4
13.5
15.1
10.9
15.3
15.3
13.7
9.9
21.5
10.2
10.3
10.3
19.1
12.2
13.2
12.5
15.5
12.9
14.2
14.2
10.3

TOTAL
DEPTH

50.00
20.00
50.00
48.00
47.00
20.50
50.00
50.00
45.70
20.00
49.10
20.00
52.00
20.00
50.00
20.00
42.00
42.00
48.00
55.00
45.00
48.00
48.00
48.00
63.00
58.00
53.00
58.00
24.00

24.00
23.00
23.50
23.50
18.00
8.00
51.00
33.00
22.50
16.90
50.00
25.00
23.00
22.00
48.00
48.00
48.00
50.50

D-2



023372

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 20-Apr-83 29-Apr-83 04-May-83 12-May-83 20-May-83

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT-23
ERT-24
ERT-25
ERT-26
ERT-27
ERT-28
ERT-29
ERT-30
6W-2 2.39 2.27 1.87 2.28 2.63
GW-7 11.20 10.83 10.83 10.88 11.05
GW-8 9.78 10.21
GW-9 9.47 9.91
6W-13
GW-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

D-3



021073

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL Ol-Jun-83 08-Jun-83 15-Jun-83 22-Jun-83 30-Nov-83

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT-23
ERT-24
ERT-25
ERT-26
ERT-27
ERT-28
ERT-29
ERT-30
6W-2 3.78 3.24 2.42 2.65 2.78
6W-7 13.23 12.88 12.46 12.44 10.75
GW-8 12.21 11.03 9.20 10.98 9.67
6W-9 11.08 10.52 8.88 10.24 9.77
6W-13 8.89
6W-17 9.43
GW-18 12.83
GW-19 10.07
6W-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

D-4



023374

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 05-D6C-83 07-Dec-83 19-Dec-83 17-Feb-84 24-Feb-84

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-27
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
6W-8
6W-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

3.03 2.95 3.14 3.48 3.45
11.59 10.89 11.04 11.37 11.31
10.15 10.19 11.04 10.82
10.21 9.88 10.05 10.15 10.08
9.62 9.62 9.83 10.30
9.74 9.67 9.68 9.92 9.84

13.46 13.25 13.42 14.01 13.84
10.42 10.30 10.95 11.17 11.13

D-5



Q23HT5

WELL

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
Ol-Mar-84 16-Mar-84 12-Apr-84 17-May-84 Ol-Nov-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-27
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
RBI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.17

10.00
9.69
9.08

9.10
9.16
8.76

8.93

3.44 3.47 2.77 2.03
11.30 11.12 10.53 10.03
10.82 10.64 11.57 9.09
10.15 10.03 9.33
10.40 9.76 8.95
9.81 9.77 9.17

13.81 14.96 12.12
11.05 10.91 10.08 9.36

7.00
18.32

6.45
7.33
7.53

8.48
9.83

9.19

D-6



02197$

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 03-NOV-87 04-NOV-87 05-NOV-87 06-NOV-87 OS-Nov-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-21
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
6W-2
GW-7
6W-8
6W-9
GW-13
GW-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

9.38 10.28 10.20 10.18 10.33

10.14 10.33 10.03 10.00 10.12
9.93 9.91 9.79 9.80 9.91

10.21 9.19 9.15 9.09 8.28

9.29 9.24 9.14 9.11 9.23
9.33 9.30 9.20 9.17 9.28
9.06 8.88 8.93 8.87 9.00

9.06 8.98 8.87 8.81 8.97

18.50 19.45 18.07 18.32 18.47

•

9.22 9.31 9.25 9.19 9.33

D-7



02̂ 77

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 16-NOV-87 17-NOV-87 18-Nov-87 20-NOV-87 25-NOV-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
6W-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
RBI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.36 10.44 10.32 10.72
9.23 9.61

10.06 10.16 10.07 10.43
9.89 9.96 10.25
9.24 9.32 9.18 9.63 9.63

9.31 9.58
9.22 9.26 9.24 9.58
9.28 9.31 9.26 9.26 9.61
9.23 9.34 9.29 9.67

8.97 9.73
9.18 9.28 9.31 9.60

9.12 9.67
9.43
0.03

9.12 9.48
9.24 9.62

18.62 18.56 18.94

•

9.47 9.23 9.79

D-8



023378

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 26-NOV-87 27-NOV-87 28-NOV-87 29-NOV-87 30-NOV-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-28
ERT-2 9
ERT-3 0
GW-2
GW-7
6W-8
GW-9
GW-13
GW-17
GW-18
GW-19
6W-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.73

10.45
10.28
9.63

9.61
9.65
9.68

9.70

0.05

9.60

18.98

9.80

10.73
9.60

10.46
10.29
9.68
9.65
9.58
9.64
8.63
9.72
9.60
9.65
9.47
3.87
9.47
9.64

19.03

9.85

10.78
9.67

10.52
10.32
9.63
8.68
9.63
9.70
9.68
9.75
9.66
9.70
9.55
5.51
9.58
9.66

19.08

9.88

10.74
9.63

10.50
10.29

9.63
9.59
9.66
9.62
9.71
9.60
9.63
9.51
6.21
9.54
9.64

19.02

9.81

m

10.76
9.63

10.49
10.29
9.63
9.67
9.60
9.66
9.60
9.70
9.59
9.62
9.53
6.89
9.50
9.62

19.03

9.85

D-9



FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 03-D6C-87 07-D6C-87 08-D6C-87 09-Dec-87 ll-Dec-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-29
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.71
9.52

10.47
10.23
9.58
9.63
9.56
9.65
9.61
9.65
9.53
9.57
9.09
8.17
9.44
9.57

18.98

9.77

10.88
9.78

10.62
10.47

9.77
9.76
9.77
9.82
9.73
9.82
9.70
9.76
9.63
1.85
9.68
9.80

19.10

9.91

10.90
9.79

10.56
10.49
9.75
9.74
9.79
9.82
9.71
9.80
9.69
9.74
9.65
3.01
9.68
9.72

19.10

9.91

10.34
9.69

10.42
10.35

9.43
9.65
9.65
9.72
9.58
9.70
9.56
9.62
9.53
4.05
9.59
9.66

.

18.98

9.82

10.94
9.84

10.72
10.51

9.83
9.82
9.84
9.87
9.75
9.84
9.73
9.78
9.76
5.29
9.74
9.80

18.72

10.01

D-10



023̂ 30

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 16-Dec-87 20-D6C-87 21-Dec-87 23-Dec-87 26-Dec-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-29
ERT-3 0
6W-2
GW-7
GW-8
GW-9
GW-13
GW-17
6W-18
6W-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.66
9.44

10.47
10.31

9.51
9.56
9.56
9.70
9.63
9.76
9.61
9.67
9.54
8.17
9.55
9.64

19.10

9.84

10.74
9.65

10.48
10.29

9.61
9.73
9.57
9.67
9.62
9.74
9.59
9.60
9.51
2.21
9.53
9.62

18.92

9.75

11.00
9.83

10.66
10.53

9.83
10.41

9.77
9.80
9.99

10.06
9.93

10.20
9.71
3.75
9.70
9.84

19.38

11.10
9.97

10.86
10.65

9.97
9.95
9.99

10.06
9.89
9.96
9.85
9.90
9.89
5.85
9.88
9.94

19.40

10.13

10.94
9.83

10.66
10.47

9.81
9.69
9.79
9.84
9.73
9.86
9.71
9.81
9.59
7.65
9.73
9.80

19.24

10.05

D-ll



023H31

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 27-Dec-87 28-D6C-87 29-Dec-87 30-D6C-87 31-Dec-87

ERT-1 10.92
ERT-1A 9.73
ERT-2 10.52
BRT-3 10.31
ERT-4 9.74
ERT-4A 9.81
ERT-5 9 . 69
ERT-6 9.78
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9 ' 9.69
ERT-9A 8.07
ERT-10 9.68
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-28
ERT-2 9
ERT-30
GW-2
GW-7
6W-8
GW-9
6W-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
RBI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.96
9.83

10.64
10.45

9.83
9.87
9.77
9.84
9.73
9.90
9.73
9.86
9.63
8.47
9.68
9.80

19.26

9.99

10.86
9.75

10.60
10.37

9.73
9.79
9.67
9.74
9.67
9.82
9.61
9.78
9.59
8.61
9.62
9.72

19.16

9.89

11.11
9.93

10.80
10.59
10.93

9.92
9.92
9.97
9.86
9.97
9.88
9.92
8.85
8.91
9.79
9.92

19.38

10.12

11.14
10.01
10.85
10.64
10.01

9.97
9.97

10.02
9.86
9.95
9.78
9.93
9.96
9.14
9.92
9.95

19.44

10.22

D-12



FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL Ol-Jan-88 02-Jan-88 03-Jan-88 04-Jan-88 17-Jan-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-27
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.98
9.87

10.72
10.49
9.86
9.85
9.81
9.85
9.76
9.91
9.73
9.86
9.77
9.31
9.76
9.84

18.58

10.04

10.96
9.76

10.74
10.47
9.78
9.85
9.81
9.78
9.73
9.93
9.73
9.80
9.64
9.26
9.68
9.80

•

18.58

9.99

11.10
8.98

10.83
10.61
9.99
9.94
9.92
9.97
9.83
9.96
9.83
9.91
9.86
9.51
9.90

10.01
•

19.42

10.15

10.93
9.82

10.63
10.40
9.80
9.78
9.74
9.77
9.65
9.82
9.68
9.79
9.71
9.55
9.78
9.84

19.25

10.03

10.78
10.61

9.89
9.92
9.83
9.96
9.82
9.99
9.91
9.74
9.90
9.96

19.41

D-13



02'39'OT

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 18-Jan-88 19-Jan-88 20-Jan-88 21-Jan-88 22-Jan-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-22
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-27
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
6W-8
6W-9
6W-13
GW-17
6W-18
6W-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
RBI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

11.10
10.09
10.88
10.93
9.97

10.01
9.97

10.32
9.95

10.08
9.91

10.07
9.98
9.84

10.00
10.02

19.47

11.07
10.17
10.84
10.25

9.99
8.99
9.97
9.97
9.94
9.88
9.93

10.18
10.07
9.85

10.04
10.01

19.51

10.78
9.91

10.48
10.60
9.65
9.67
9.55
9.60
8.59
9.83
9.55
9.83
9.60
9.35

10.04
9.72

19.08

10.79
9.80

10.50
10.27

9.69
9.66
9.61
9.65
6.63
9.84
9.57
9.83
9.51
4.70
9.66
9.80

19.17

10.81
9.75

10.52
10.28
9.71
9.72
9.59
9.64
9.64
9.77
9.60
9.74
9.64
8.92
9.68
9.86

19.00

9.69

D-14



023384

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 23-Jan-88 24-Jan-88 03-Feb-88 04-Feb-88 09-Feb-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-24
ERT-2 5
ERT-2 6
ERT-2 7
ERT-28
ERT-2 9
ERT-3 0
6W-2
GW-7
GW-8
GW-9
6W-13
GW-17
6W-18
6W-19
6W-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
RBI-10-2
REI-10-3
REI-10-4
REI-12-2

10.88
9.94

10.76
10.51
9.86
9.91
9.85
9.88
9.83
9.94
9.79
9.92
9.86
9.46
9.90
9.92

19.08

•9.81

10.88
9.94

9.86
9.91

9.83
9.94
9.79
9.92
9.86
9.46
9.90
9.92

19.08

9.81

10.68
9.77 9.81

10.43
10.19

9.60
9.73

9.35
9.52

9.66
9.72

9.57
9.58
9.66
9.57
9.72
9.80

18.79

10.92

10.60
10.32

9.79
9.80
9.70
9.74
9.77
9.85
9.73
9.81
9.77
9.70
9.83
9.84

18.56

10.89

D-15



FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL ll-Feb-88 12-Feb-88 13-Feb-88 14-Feb-88 15-Feb-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
6W-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.82
9.75

10.54
10.29
9.73
9.71
9.59
9.64
9.65
9.82
9.61
9.78
9.65
9.65
9.71
9.84

19.06

10.09
_

10.81
9.68

10.50
10.23
9.68
9.67
9.58
9.60
9.63
9.76
9.57
9.75
9.65
9.55
9.68
9.74

19.08

9.91

10.83
9.91

10.52
10.21

9.72
9.70
9.61
9.60
9.63
9.77
9.58
9.76
9.66
9.49
9.68
9.74

19.10

9.91

10.84
9.89

10.56
10.25
9.68
9.74
9.71
9.66
9.67
9.77
9.57
9.78
9.68
9.53
9.76
9.72

19.59

9.21

10.82
9.73

10.52
10.27
9.71
9.71
9.60
9.68
9.67
9.86
9.63
9.82
9.67
9.53
9.68
9.78

19.08

9.95
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FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 18-Feb-88 03-Mar-88 16-Mar-88 29-Mar-88 02-Apr-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-30
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.88
9.73

10.56
10.29
9.69
9.73
9.59
9.70
9.71
9.86
9.67
9.79
9.76
9.61
9.77
9.80

19.16

10.34

10.82
9.87

10.70
10.28
9.73
9.89
9.55
9.64
9.92

10.10
9.41
9.70
9.87
9.79
9.90
9.70

10.15
9.59
9.54
9.77
9.97

9.48

9.86

10.90
9.79

9.79
9.83

9.61
9.82
9.74
9.76
9.66
9.52
9.69
9.72

9.52
9.79
9.77

11.24
10.18
10.62
10.75

9.99
9.95
9.71

10.10
9.71
9.86

10.09
9.80
9.84
9.73

10.36
9.92

10.21
6.53
9.58
9.99
9.59

9.48
10.01
10.24

11.13
10.05
10.65
10.55
10.06
10.01
9.85
9.91
9.85
9.99
9.88
9.95

10.01
9.96
9.97

10.10

10.07
10.22
11.63

6.77
10.40
4.91

10.88
10.11
10.15

D-17
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FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL ll-Apr-88 13-Apr-88 25-Apr-88 07-May-88 14-May-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
GW-2
GW-7
6W-8
6W-9
GW-13
GW-17
6W-18
6W-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.88
9.82

10.54
10.43
9.75
9.79
9.80
9.72
9.65
9.86
9.69
9.80
9.71
9.76
9.74
9.82

10.04
9.56
9.55
9.98
9.79
9.85

10.12
11.38

7.46
10.46
4.71
4.53

11.16
8.21

15.00
9.37
9.77

12.40
10.14
6.85

17.47
9.32
8.52
9.17

10.63
9.82
9.87
9.60
7.18
9.56
9.96
9.94
8.16

10.86
9.76

9.71
9.76

9.67
9.83
9.63
9.78
9.76
9.63
9.41
9.80

9.50
9.73
9.92

10.65
9.55

10.37
10.09
9.52
9.55
9.45
9.50
9.44
9.57
9.42
9.54
9.52
9.53
9.51
9.60
9.34
9.17
9.30
9.71
9.52
9.58
9.54

10.76
8.55

10.02
4.09

9.28
9.58
9.68

9.57
9.59
9.60
9.56
9.60
9.60
9.56
9.61
9.51
9.59
9.50
9.56
9.58
9.77
9.57
9.63

9.36
7.97
9.35

9.43
9.57
9.54
9.58
9.53
9.53
9.56
9.50
9.48
9.55
9.51
9.42
9.56
9.82
9.58
9.53

9.39
7.93
9.27
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•123338

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 24-May-88 28-May-88 07-Jun-88 20-Jun-88 24-Jun-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
6W-2
GW-7
GW-8
6W-9
6W-13
GW-17
6W-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
RBI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

9.26
9.25
9.24
9.25
9.25
9.31
9.23
9.30
9.15
9.24
9.15
9.24
9.25
9.41
9.63
9.38
8.69
8.77
8.98
9.35
9.21
8.98
8.82

10.25
7.93
8.97
3.65

8.02

8.29
9.55

.
9.44
9.17

10.00

9.09
9.10
9.09
9.11
9.08
9.11
9.06
9.10
8.95
9.04
8.91
9.03
9.07
9.25
9.08
9.15

7.65

8.84
8.91
8.75

9.08
9.07
9.07
9.10
9.08
9.08
9.05
9.10
9.05
9.12
9.07
9.21
9.07
9.26
9.07
9.20

7.27

8.82
8.94
8.77

9.02
8.55
9.67
8.89
9.61
8.80
8.61
8.66
8.51
8.68
8.61
8.79
8.68
9.20
8.06
7.20
8.37
8.83
8.73
8.52
8.60
9.97

8.47
2.98

7.71

8.87

8.42
8.61
8.34

8.68
8.57
8.72
8.83
8.73
8.75
8.73
8.80
8.56
8.58
8.49
8.58
8.67
8.91
8.68
8.70

8.44
8.59
8.36

D-19



021989 '

t

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 29-JUZ1-88 OS-Jul-88 18-Jul-88 06-Sep-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-25
ERT-2 6
ERT-27
ERT-2 8
ERT-29
ERT-3 0
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-2 3
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

8.59
8.22
8.62
8.69
9.70
8.66
8.63
8.70
8.44
8.48
8.41
8.50
8.55
8.75
8.58
8.62

8.34
8.48
8.25

8.41
8.27
8.42
8.50
8.40
8.53
8.43
8.50
8.23
8.23
8.20
8.26
8.37
8.55
8.38
8.44

8.34
8.28
8.24

8.08
8.25
8.20
8.32
8.15
8.17
8.21
8.30
8.03
8.01
8.00
7.14
8.11
8.35
8.13
8.14
7.27
7.41
7.79
8.15
8.40
8.29
8.04
6.22
6.32
7.47
2.34

0.03

3.92
9.74

.

8.01
8.00

9.08
8.42
9.11
9.15
9.08

9.11
9.13
9.11
9.06
9.10
9.05
9.04
9.17
9.02
9.01
8.50
8.89
8.04
9.00
9.03
9.01
8.77
9.46
5.87
7.69
2.72

-1.35

8.36

8.93
8.94
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FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 17-Oct-88 16-NOV-88 29-NOV-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-2 0
ERT-2 1
ERT-2 2
ERT-2 3
ERT-2 4
ERT-2 5
ERT-2 6
ERT-2 7
ERT-2 8
ERT-2 9
ERT-3 0
6W-2
GW-7
6W-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

8.41

8.43

8.31

8.43

7.49
8.15
8.40
8.32
8.28
8.52
8.02
8.85
5.32
7.16
2.30

8.27
8.15

7.42
7.92
7.99

12.00
7.76
7.96
7.97
8.13
8.06
8.06
8.06
8.04
8.17
8.03
8.03
7.35
7.97
8.15
7.92
7.89
8.06
7.69
8.56
3.96
6.78
1.91

7.85
6.35
7.91
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WATER LEVEL ELEVATIONS, WELL ERT-3
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WATER LEVEL ELEVATIONS, WELL ERT-22
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WATER LEVEL ELEVATIONS, WELL ERT-29
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